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PREFACE TO THE SECOND EDITION 



o 

(^ In the present edition, corrections are made of errors which 

^ were found in the first issue of the work. The temperature 

^ stress in viaduct bents, which the author neglected to work 

2 .out in the previous edition, is made the subject of an appendix. 

^ A proof of the theorems of Castigliano is also appended, form- 
ing a supplementary article to the introductory chapter. 
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PREFACE TO THE FIRST EDITION 



The present work is the outgrowth of a series of lectures 
given to the students of Civil Engineering in the Tokyo Im- 
perial University. It contains the solution of those problems 
most commonly met in the practice of a bridge engineer, the 
aim of the author being to save time and labor of those intent 
on a more rational design of the class of the structures 
treated, than is generally followed, by furnishing them with 
necessary formulas for which rough approximation or even 
guess-work frequently forms a substitute. 

For different treatment of some of the cases discussed in 
this work, readers may do well to compare the works of Pro- 
fessors Burr, Greene, Du Bois and Johnson, and also those 
of Professors Engesser, Resal, Winkler, Melan, Miiller- 
Breslau, Steiner, etc. 

The author acknowledges his indebtedness for valuable 
assistance in preparing the volume, to his colaborer Assistant- 
Professor H. Kimishima. 

Tokyo Imperial University, 
August, igo4, 

I. H. 
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INTRODUCTORY CHAPTER 



GENERAL PRINCIPLES 

1. Most of the cases of statically-indeterminate stresses 
occurring in the practice of a bridge engineer can be 
solved in several diflFerent ways; but in this, the author 
has made the exclusive use of the method of work as the 
simplest and the most direct way for arriving at the results. 

It is a well-known principle in mechanics that when 
external forces act on an elastic body, the latter under- 
goes deformations, which, according to the Hooke's law, 
are proportional to the stresses causing them, — the de- 
formations assumed to be disappearing the moment the 
forces are taken oflF. The work thus performed in the 
body while being acted on by external forces, we call 
the work of resistance. This internal work, which we 
shall henceforth designate with ©, may be expressed in the 
following manner, for different kinds of stresses. 

2. Direct Stress. — Suppose a straight bar having a 

cross-section .4, length L, and modulus of elasticity £, be 

subjected to tension or compression increasing from o to S. 

Assuming the strain to be proportional to stress, the bar 

would undergo, at any moment when the stress is ^, a 

deformation of 

sL 

AE' 
Since work equals the force into its displacement the in- 
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crement of work performed in the bar at the moment 
will be 



sL 
AE 



ds, 



SO that for the total work of resistance in the bar we get 



3. Normal Stress. — If the bar be a curved one with a 
developed length of L\ then representing by N the nor- 
mal stress acting at any section distant c — measured 
along the axis of the bar — from one end, we have, by the 
same reasoning as before, for the work of resistance in 

the elementary length dc, 

NHc 
2AE' 

and for the total internal work in the bar due to iV, 

'N^dc 

(2) 



-s: 




Pig. I 



2AE 

4. Bending Moment. — Let Fig. i 
represent the portion of a beam, sub- 
jected to bending moment M) then in 
any elementary length dxj at a dis- 
tance of y from the neutral axis 
NA, will be found taking place a deformation of 

in the elementary length of the fibre; and at the farthest 

fibre, 

M 



IE 



h^dx. 
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Representing by / the moment of inertia of the section, 
and by h the width of the beam at y, we get for the stress 
acting in the elementary section hdy, the expression 

y oydy, 

and consequently, for the work of resistance in the same, 

1 M M 1 AP 

2 7e^^^ ' T ^^^^ ^'2'PE ^^^y'^y ' 

so that for the total work in the elementary length dx we 
get 

and as 



hfdy = /, 

-A" 



the total work of resistance due to the moment in length 
/ of the beam will be 



a> 



nwdx 

= ItTe (3) 



5. Tangential Stress. — The deformation of a beam 
due to shear is generally so insignificant when compared 
with that due to the bending, that it may be totally neg- 
lected without sensible error in the calculation of inter- 
nal work. In passing, however, the expression for the 
work will be given. 

Let 

T = tangential stress acting at any point distant x from 

one end of the piece. 
G = modulus of elasticity for shear. 
A = cross-section of the piece. 
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Since the action of the tangential stress in the elementary 

length dx (Fig. 2) is to produce the angu-^ 
lar change 7, for which, were T uniformly 
distributed over the cross-section, we 
would have. 



T 



Nh- 




T 



ng. a and for the work performed in dx, 

iTydx== JqJ^^' 

Since, however, the intensity of shear at different points 
of the cross-section differs with the form of the latter, we 
have for the internal work due to shear, 

iT^dx 



fa 



2GA 

in which 



(4) 



A f*' 



r'dAy 

t 

a quantity always greater than i. 

h representing the distance of fibres above the neutral 
axis where t is to be found, and 6, h\ W and y the same as 
in Art. 4. 

6. Theorems of Castigliano. — The fundamental prin- 
ciple of the method of work has been enunciated by Cas- 
tigliano in following words : * 

I. " The displacement of the point of application of an 

♦"Theorie des Gleichgewichteselastischer Systeme," von Castigliano. 
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external force acting on a body — caused by the elastic 
deformation of ike latter — is equal to the first derivative 
of the work of resistance performed in the body, with re- 
spect to the force." 

n, " The partial derivatives of the work of resistance 
with respect to statically-indeterminate forces which are so 
chosen thai the forces themselves perform no work are equal 
to zero." 

In order to make these enunciations clearly understood, 
an application of the theorems will be made 
to a simplest case of statically-indeterminate 
forces. In Fig. 3 let i and 2 represent two 
columns with a length of L, cross-sections of 
Ai, Af and moduU of elasticity of £„ Ej con- 
jointly sustaining a load of W. The latter 
produces reactions n,, 3 

5, and 5, ■= W - 5, , 
which are at the same time stresses in the columns. Re- 
ferring to Eq. (i) we get for the internal work in the col- 
umns the following expression: 

If we represent by B the sinking of the load due to com- 
pression of the columns, then, according to the first the- 
orem, 

and according to the second, since the bases of the col- 
umns are assumed to be immovable, 
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from which 



^ ^lEi + ^Ea 

7. The second theorem of CastigKano is a direct con- 
sequence of the first one, and concerns a special case in 
which the displacement of the external force is zero. In 
other words, according to this theorem, a statically-inde- 
terminate force makes the work of resistance a minimum 
or a maximum. That it is a minimum can be seen by 
taking the second differential coefficient of © with respect 
to the force having a certain amount of displacement. 
Since the latter will increase with every increment of the 
force, the second differential will be always positive. For 
this reason, this theorem is otherwise known as the prin- 
ciple of least workj which enunciates that the work of a 
system of forces acting on an elastic system of construc- 
tion will be the least possible which is necessary to main- 
tain equilibrium, or, in other words, the external forces 
so adjust themselves as to develop internal forces in the 
structure which will make the total work of resistance in 
the latter a minimum. The principle is a fundamental 
one in the economy of nature and is applicable to all 
cases of statically- indeterminate forces in which the forces 
under question undergo no displacements. For this pur- 
pose we* have but to express co in terms of external forces 
and to differentiate it successively with respect to the 
forces to be found. The differential coefficients thus 
obtained, set equal to zero, furnish as miany equations 



• I 



! 



GENERAL PRINCIPLES J 

of conditions as there are unknown quantities. The 
rest of the operation for reduction is a simple algebraic 
work. 

8. It is to be borne in mind that in all forms of struc- 
tures to be hereafter treated, the joints of every piece, 
and the piece itself, are assumed to be free from all initial 
restraints. 



ft ^ 



CHAPTER I 

TRUSSED BEAMS 

9. A trussed beam is often treated as a continuous 
girder resting on fixed supports, and sometimes as so 
many discontinuous beams as the number of panels into 
which the beam is divided. That neither treatment is 
correct hardly requires any explanation. 
In the trussed beam of Fig. 4, it is evident that for any 

load W, as soon as the pres- 
sure in the post is made known, 
stresses in all other members 
will at once become determi- 
^^' ^ nate. Throughout the dis- 

cussion of beams the following signs will be used: 
Compression — . 
Tension +. 

Moment +, when producing compression on the upper 
fibres, and vice vers&. 

Representing by P the unknown pressure in CD we 
have the following direct stresses in the several members : ' 

'CD P, 

— — Pi 

AD = BD^ -^t- ys 

2 h 

P I 




AB= -- 



2 2 h 

Let A I, A^j -4 J, represent the cross-sectional areas, and 
£1, £3, JS3, the moduK of elasticity of members AB, CD, 

8 



1 



* 
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and AD respectively. Then referring to Eq. (i) we get 
for the work of resistance due to the direct stresses the 
following expressions : 

Work in CD ... . -^ ..... (a) 

The beam AB sustains beside the direct stress, the 
bending moment which at any point distant x from A is 

. / ('^ ' i ^ 

AXo a , . < — -^. ( ^> V • 

( / 2 ) J 



" " AD and BD . ;, . . . . (fe) 



<< u 



•^ .... ^^ r i~o .... V^/ 



ato C . . Wa — ( — I — T-j X, 
CtoB, . ^_:^)(/-^), 

so that for the internal work due to the same we get by 
referring to Eq. (3) the following expressions: 

id) 



^i/i(7^""T)^^~^^rH- • • 



in which / denotes the moment of inertia of the section 
of the beam assumed to be uniform throughout. 

Summing up the several works, we get for the total in- 
ternal work: 

0, = (a) + (b) + (c) + (d). 

Since the value of P must be such as to make » a mini- 
mum, we get for 
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the following expression, 

Ph P? P? I f W€? (I - a) Pa* 



d- 



{P W(l-a) l //»-8a« \ Pr(/«-8a«) 
(2 / ^ V 24 / 24 



8 24 "^ 48 



from which 

To obtain the stress in each member it is simply neces- 
sary to substitute this value of P in the expressions for 
stresses already given. It is evident that the beam AB is 
subjected to bending and direct stress combined. 

DiflFerentiating the second member of Eq. (5) with re- 
spect to a and setting the derivative equal to zero, it will 

^ye found that P will be maximum for a = - , as might be 

2 ° 

anticipated. 

10. For a uniform load w per unit length we have but 

to substitute wda for W in Eq, (5) 
and integrate between given limits 
of loading for each half span. 
Thus for partial uniform load a^w 
Fig. 5 (Fig. S) we get, 
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3/2-2 aj2 



96 E J 



a^w 



^ h ? ? «— • • • (6) 



£2^2 2/t2£^g 16 h^E^A^ 4^E^I 

and for full uniform load ?£;/, 

£2^2 "^ 2 /t2£^, "^ 16 /t2£^^i "^ 48 EJ 

Example. — A wooden beam 12 in. x 10 in. x 20 feet 
long between supports, is reinforced by a steel rod 2 in. in 
diameter and a cast iron strut 3 in. sq. and 2 ft. high. To 
find the stress in each member due to a full uniform load of 
1,200 lbs. per ft. run. 

In this case 

/ = T^ X 10 X 12' = 1440 
Ai = 120 A2 = 9 Ai = 3.14 h = 24 / = 240 
£ = 122.4 ^c' =" 100 (all in in. and lbs.) 

Assuming 





£g — 30,000,000 lbs 


. per sq. in. 




£2 = 15,000,000 


(( u 




£j = 1,500,000 


u << 


we get in 


Eq. (7), 






5^ - 
384 EJ ' 


— .00000018, 






— nrM^ftrtR^ 




2/^2£i^3- -^^^^'^^ 


16 /^^£,^, .ooooo»3, 


so that 


4SEJ 


.000133, 




P= 12, 


,610 lbs. 



I 
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Denoting by m the moment at any point x of the beam, 
we have, 



24,000 — 12,610 100 JC* 

m — X 

2 2 



dm 



The maximum moment will be found when -- = o ; i.^., 

ax 

iox X ^ 57 in., so that 

max. m — (5695 — 2850) 57 = 162,165 in. lbs. 

The maximum fibre stress in the beam will therefore be 

162,165 . . 12,610 240 I o „ 

— ^ X 6 H X -V X = 938 lbs. per sq. m. 

1440 2 48 120 

The tension in the tie-rod is equal to 

12,610 122.4 I ,, 

— X X = 10,240 lbs. per sq. m. 

2 24 3.14 

The intensity of compression in the strut CD is simply 

12,610 ,, 

— I = 1,401 lbs. per sq. m. 

9 
The following table shows the comparison of stresses in 
the members as calculated above, with those obtained by 
assuming the beam first to be continuous over three fixed 
supports and then to consist of two discontinuous beams. 





P IN Lbs. 


Max. fib. stress 

in beam, lbs. 

per sq. in. 


Dif. 


Tension in tie- 
rod, lbs. per 
sq. in. 


Dif. 


Beam contin. on yield 
sup 


12,610 


938 




10,240 




Contin. on 3 fix. sup. 


15,000 


1,062 


+ 13% 


12,180 


+ 19% 


Discon. at centre . . 


12,000 


1,000 


4-6i% 


9»740 


- 5% 



U. In the trussed beam of Fig. 6 the central panel, 
owing to its lack of diagonal, is incapable of transmitting 
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shear except through the beam itself. For this reason, so 
long as the relative positions of points C and £ are verti- 
cally unchanged (which 
would practically be the 
case when the beam AF 
has sufficient rigidity to 
remain nearly straight 
when loaded) the stresses 
in J5C and DK may be 

assumed to be equal. Let P denote the pressure in BC 
or DE, then by retaining the notations of the preceding 
case, we obtain the following works of resistance due to 
any load W, located between A and B : 




Fig. 6 



Work in BC and DE 



. • 



« u 



U (( 



AC, CE and EF . 



AF 



PHt_ 

'Es4i 

' EtAah^ 
pip 



hB 



iSEiAih^ 



The bending moment in the beam causes the following 
work: 



2? 



Wiai (I - x) 
I 



— Pxi dx 



Summing up these expressions for work and setting the 
first derivative of the sum with respect to P equal to zero, 
we get, 
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2h . 2? /" 

+ ^ . ,.» -r ,^ ^ . to + 



2£i/Lc ^ ) 3 3 \27 ' / 

/ \i62 2 3/ 27 9 

. 2P/» 2W.a,Pl 

+ -8r"-8r-J = ^' 

from which 

(2 P — 3 a^^) a^ 

P = -^^ 5 ^-^^^^ s s- W^i- (8) 

£2^3 "^ £,^8^2 + 27 £3^8^' 9 £1^1^' 81 £1/ 

For any load W2 between B and D we obtain in a similar 
manner as for W^ the following expression for P: 

27 g; (/ - gg) - /^ ^ 
P = , ^^^ ^t^ W (Q) 

2h 2t^ P 1 ^ 1 5^ * 



E^A^ E^A^^ 2TE'^A\h^ ' gE^AJv" Si EJ 

12. For full uniform load w per unit length, by substi- 
tuting wda for W^ and PFj and integrating, we get, 

II l^w 



p 486 EJ 

2h 2P P P 5/« • ^ ^ 

£2^2 ^ E^^h^ "^ 27 £8^8^' 9 E^A^h^ "^ 81 £1/ 

Example. — A beam with dimensions, materials and load- 
ing, as in the preceding example, is trussed as in Fig. 6, 
with A = 24 in. i = 83.5 in. Then in (10) we have 
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^86^ = 3*765. ^^^j;;^ - .00002145. 

It, = •^''^^^^'aS. -^^^^ - .00000922. 

= .00001485, of-Fl^ .00039506, 



SO that 

p a 7,900 lbs. 

Since the moment at any point x between A and B is 

w/ — 2 P w^ 

A? 9 

2 2 

the moment will be maximum for a: = 41, and will be equal to 
252,150 in. -lbs. 

Again, since at x from A between B and D the moment is 

wl — 2 P . „ / /\ wo^ 



. + p(.-^)- 



— > 
2 



the maximum moment will be found zX x = 119 in., and will 
be equal in amount to 87,950 in.-lbs. Taking, then, the first 
maximum, we get for the maximum fibre stress the following : 

252,150 ^ . / I „ 

^ X 6 + 7900 X — T ^ T ^ 1^270 lbs. per sq. in. 

1440 3 /i A2 

The tension in tie-rods AC and EF equals 

83-5 I o 11 

7900 X -^^-^ X = 8,750 lbs. per sq. m. 

^ o * • 

while that in tie-rod CE equals 

80 I ft , „ 

7900 X — X — — = 8,060 lbs. per sq. m. 
24 3.14 

13. In the two preceding cases of trussed beams, when 
the depth h of the truss is considerable the influence 
of the beam will become lost in comparison to the truss, 



i6 
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Fig. 7 



and such a structure approximates itself to a King or 
Queen post truss whichever it happens to be. 

14. A beam reinforced by sloping struts and a strain- 
ing beam as shown in Fig. 7, is often met with in wooden 

constructions. The 
case is somewhat 
similar to that of 
Fig. 6. The rein- 
forcing frame 
CEFD could retain 
its form only when 
the forces acting at 
E and F are equal; and since the beam AB will remain 
practically straight under all circumstances, the reactions 
produced at E and F may be assumed to be equal. 
For any load W^ between A and -E, then, since 2 vert, 
forces = o, 

in which P^ denotes that part of P due to W^ Taking 
moments successively at B and ^4, we get, 

I 

It will be seen from these equations that the reactions 
at A and B will, according to modes of loading, be + or — , 
which latter is to be met by anchoring the beam down to 
the supports. 
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The internal work of resistance may now be written, 



X 



EA h^ ' 2 EAh^ ' Jo 2£/ 

in which i4 represents the sectional area of individual 
members of the frame, I the moment of inertia of the 
beam AB, and m the moment at any point x of the beam. 
Substituting in this the following expressions for m (the 
origin of x being taken at i4). 



^toi^ . . (5jfi«p^^(/-^), 



and diflFerentiating co with respect to P^ and setting the 
diflFerential coefficient equal to zero, we get, 



a 



For any load W2 between E and F similarly we get 

^ (3 fls^ -h^- 3 ^2') 

It is evident that in this kind of construction, the beam 
AB may be considered to be free of direct stress. 
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Example. — A wooden beam 1 2 in. x 8 in. x 30 ft. is re- 
inforced by sloping struts and a straining beam 8 in. x 8 in., 
with /j = 10 ft. and A = 8 ft. To find the maximum stress 
in each member due to a full uniform load of 1800 lbs. per 
ft. run. 

Substituting in Eqs. (11) and (12) the following values, 



i = 12.8 ft., 


i4 = 64 sq. in., 




I = 1152 in.*, 


2i« 


/,»(/- 2/0 




3/ 


6/ = 6912, 








we get. 








2 1 a 


(3V-3/i'-fl*) 


wda 


2 X — rw 

324 



2500J 



^ 6912 X 2515 6912 X 2515 

L (3 a/ — /i* — 3 a^) wda -7- /*«; 

-^2 — 



6912 X 2515 6912 X 2515 

and consequently 

P^P, + F.= (^X^7>5o^ + 55,000)12^X150 ^ j^^^ 

^ 6912 X 2515 ^' 

Comparing the maximum moments in the side and central 
panels, it will be seen that in this case the greatest moment 
is found at E and F and is equal in amount to 

30 X 1800 — 10,680 X 2 1800 X 10' ^ o r^ ,t 

^ X 10 = — 16,800 ft.-lbs., 

2 2 

so that the maximum fibre stress in the beam will be 

16,800 X 12 



1 152 



X 6 — 1050 lbs. per sq. in. 
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Other stresses are as follows : 



Sloping strut, 19,680 X -~ X 7- =492 lbs. per sq. in. 

o 04 

Straining beam, 19,680 x -q- X 7- = 345 lbs. per sq. in. 

o 04 

15. In wooden beam-bridges, the supports, instead of 
being of masonry, often consist of pile-works such as 
shown in Fig. 8. In 




Fig. 8 



such a construction the 
struts move laterally, 
owing to the bending of 
the piles. It is neces- 
sary, therefore, in the 
summation of internal 
works, to take in the 
work in the posts, each 
of which having one 
end firmly fixed is simply supported at the other with a 

PI 
horizontal load of -j-^ acting at C and D. Calling the 

moment of inertia of the pile Iq and neglecting the influ- 
ence of direct stress as being inconsiderable when com- 
pared with that of moment, we get the following internal 

PI 
work in the two posts due to -^ ' the dotted portion of 

the structure not being considered. 
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in which M represents the moment at the base of the 
post, and x the distance from A downward. Since the 
value of M must be such as to make this work a mini- 
mum, setting the first derivative of the above expression 
with respect to M equal to zero, we get, 

Substituting this value of M in the above expression, the 
latter becomes, 

P"/," S (Ao - hy (3 h + h) 



8 



£/o ( . 12 W 

Adding this to the total work of the preceding case (Art. 
14), and differentiating with respect to P and setting the 
differential coefficient equal to zero, we obtain the follow- 
ing equations for loads W^ and W^ corresponding to 
Eqs. (11) and (12): 

Ah^'^ Ah^ '^ 3 1 6V/0 

h f^ ^ 1 7 3 « ^ 2^ 



(3<^- V-3O 



Ah^'^ Ah^ '^ 3 1 6ho^Io 

The actual measure of Hq will always be a matter of 
judgment according to the nature of the groimd into 
which the piles' are driven. The heads of piles may in 
most cases be assumed to be laterally fixed in position. 
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When there are several consecutive spans with sloping 
struts as shown dotted and in full, the thrusts at C or J9 
due to full uniform load will balance each other, and the 
case will be that of Fig. 7, while load on one span only 
will produce action intermediate between the cases of 
Figs. 7 and 8. 

Example. — Using the same dimensions and load as in 
the preceding example (Art. 14) and further with 

ho = 18 ft. /q = ^ X 15' X 15 = 4220 in.* 

to find the stresses in different members of the frame. 
Here we have as before, 

2i« _ A'(/-2/J ^ l^(3l-4h) 



= 12. JY2 = 3, jj = 2500, 

= 72, 61 = 6912, 



h' (K - hy (3 ho + h) 



6 ho^h 
so that 



^ ^ 2 X 27 SCO + 55,000 ^ ^^, ^ ^ j^^ 

1 6912(2515 + 72) ^ ^' ^ 

Since the moment at any point x from the end of the beam 
in the side span is, in this case, 

1800 oc^ 



/1800 X 30 \ 

( ^ i9,i3oj:x:- 



it will be maximum for x = 4.36 ft., and as it is found to be 
greater than the maximum moment in the central span, the 
maximum moment in the beam will be 

4.36 (7870 — 9CX) X 436) = 17,200 ft.-lbs. 

The beam acting as a tie for post -heads will have to resist 
a pull of 

p^//^_MW_^\ 11,3. 

h \ ho 2V / 
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We now have the following intensities of stress : 

_ 17,200 X 12 ^ , 9020 . ,, 

Beam . . . — X 6 + ^—— == 1160 lbs. per sq. in. 

1152 96 y r n 

Sloping strut . 19,130 X —^ ^ z~ ~ 47^ ^^^- P^^ ^^* ^^• 

o 64 

Straining beam, 19,130 X -^ X — = 373 lbs. per sq. in. 

o 64 

In the post, comparing the moments at C with M, the 
latter is found to be the greater, and we obtain for the maxi- 
mum fibre stress, 

27,000 . 76,756 X 12 ^ „ 

' + —^-^ X 6 = 1429 lbs. per sq. m., 



15 X 15 4220 

showing that a considerable stress is thrown into the post in 
such a construction. 
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16. Fig. 9 shows a common form of bents of an ele- 
vated railway, the posts being 
riveted to the cross-girder on top 
and firmly anchored at the base. 
In this kind of construction the 
bending of the cross-girder due 
to loading is transmitted to posts, 
so that the latter are subjected 
to combined stresses. 

The following designations will 
be used: 



Pig. 9 



Mo, M^, M2, and if, . . moments at points A, C, B, and D re- 
spectively. 

/j and /j the moments of inertia of sections of 

cross-girder and posts respectively. 

h the height of neutral axis of the cross- 
girder above the plane of anchorage. 

b the distance apart of the axes of the 

posts. 

V and Vi the vertical reactions, positive upward, 

at C and D respectively. 

H the horizontal reaction at C or D, posi- 
tive when directed toward right. 

E the modulus of elasticity assumed to be 

constant. 

23 
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Calling those moments producing compression on the 
outside fibre of the structure positive^ we have the fol- 
lowing moments: 

M^ — Hx in post CA at x from C. 

M^ + Vx — Hh in cross-girder at x from A be- 
tween A and W. 

M^ '\- Vx — W {x — a) — Hh . . in cross-girder at x from A be- 
tween W and B, 

M^ — H (h — x) in post BD at x from B. 

The total internal work of resistance in the members 
composing the bent, if we neglect the effect of all direct 
stresses as being inconsiderable when compared with that 
of the moment, would be, 

r r{M^-\-Vx-Hhydx-\- r\M^ + Vx''W{x-a)-HhYdoX 

Noting that 

b 

the first derivatives of <o taken with respect to Mi,M^, and 
H successively set equal to zero, will give the following 
equations of conditions: 



dM 



1 \/2 3A/ ^h V^/a 2/1/ 



d 
dM, 



+ g-ry- (2 b — a) (6 — a) = o. 
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Combining these equations, we get the following values of 
ii", M^y and M^: 

^ 2 (hl^ + 2bl2 b (6 /t/j + ^/a) ) 
2 (hl^+ 2bli b (6hli + bl^ ) 

Since 

Jlf = J/i - H^ and Ma=^ Mi- Hh, 

we get, 

2 (hli + 2bl2 b (6 A/j + Wa) ) 



M,= -L^^ ' *- 



^) }«(&-«)»'. (19) 



2 ihli + 2 bl^ b (6 W 

Again, since 
we now get 

"-i-n^ift^p-i-"'^ <"°) 

It is evident that the maximum stress in post -4C is 
caused by the combined action of V and the moment M^ 
or Mo, whichever is greater. 
Similarly, since 

we get 



V - K V« (^ ~ ^) (^ ^ ^ ^) j! ^ w 

' \ b(6hi, + bi;) )b 



26 
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17. If we represent by h^ and 
Aj the distances of the points of 
contraflexure in the posts (Fig. lo), 
since 

we get from the preceding equa- 
tions, 

*7i 4- 2 hl^ 




Hq = 



b — 2a 



hl^ + 26/2 b (6 Wi + 6/2) 



Fig. xo 



h 



L *A + 2 

*1 = — ^— — 



ft/. 



+ 



Wi + 26/3 &(6Mj 



ft — 2fl ) 



• • 



(21) 
(22) 



For a = -, then, 
2 



htt ^=^ ht = ~ Af 
3 



M( 



I 



M 



a 



w 



IP 



-fir 



showing that M^ and ilf 2 will then be opposite and twice 
in amount of M^ and M^ respec- 
tively. 

18. The same condition will 
obtain in case of loads symmet- 
rically disposed with respect to 
the centre of the cross-girder. 
Thus in the case of a single- 
track bent (Fig. 11), Eqs. (16) to (ig) will give for a 
loading of 2 TF, 



M; 



M; 



m 



Fig. XX 



/^/l + 2 ft/3 



(24) 
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19. In case the posts are hinged at C and D (Fig. 12), 
Ml and M^ will disappear from the preceding equations, 
and 

3 I^a (b - a) 



H = 



2 A (2 Wj + 3 ^h) 



W 



(25) 



Consequently, 



2 (2 /t/^ + 3 ^^2) 

If the posts were hinged at A and -B, there would of 
course be no moment in the posts. 





Fig. la 



Fig. 13 



Example. — In the elevated-railway bent of Fig. 13 to 
calculate the maximum stress in posts under full loading. 
Given, 

/j = 24,000 in.* 

/g = I 000 in.* 

A2 = 24 ins.* 

^ = 5O1O00 lbs. 

From Eqs. (23) and (24), 

b 



Jfo= - 



2l,W 



hL + 26/ X(^Q>-o)^^ 582,350 in.-lbs. 
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^* ^ hi + 2bl Zf^^^~^^^ 291,170 in.-lbs, 

* b-a 
F = V — 7— W = 100,000 lbs. 


The maximum stress in the post will then be, 

^82,350 ^ 100,000 ,, „ 

^ — i^^ X 6 + = 7660 lbs. per sq. m. 

1000 24 ' 

Stresses due to moment in the longitudinal plane and 
those due to changes of temperature remain still to be pro- 
vided for in the posts. 

In case the lower end of each post is hinged, we get from 
Eq. (26), 

3I2W 



Mo 

2 



A J. VV ^p~^ 



so that the maximum stress in the post will be, 

tat 

4Co,ooo . . 100,000 ,0 „ 

-1^— X 6 H = 6870 lbs. per sq. m. 

1000 24 

It will thus be seen that so far as the vertical loading 
is concerned, the stress in the post is increased by fixing 
the lower ends of the posts. 

20. Wind pressure also produces moments in the posts 
and cross-girder of a bent. In the bent of Fig. 14, in 
which the posts are constrained at both ends, the wind 
pressures P and P^, assumed to be acting as shown by 
arrows in the axis of the cross-girder, tend to deform the 
bent, as shown exaggerated in the figure. With the sym- 
metrical disposition of materials and end conditions, as 
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2g 



is the case under consideration, it will be easy to see, 
without going into analytical works, that so long as we 
do not take into consideration the lengthwise defor- 
mation of the girder AB^ 
which is generally inconsider- 
able when compared with the 
deflection of the posts, the 
relative position of points A 
and B would always remain 
unchanged, and as a conse- 
quence both posts would be 
equally bent by P and P^, or, in other words, the reactions 
H and H^ would be equal, and the points of contraflex- 
ure in the posts would be at the same height above C 
and D, Then, since equilibrium requires that 







Fig. X4 



A 4- P - (H + HO = o, 



we may put 



H =^H^=^ 



P + P, 



(27) 



Passing a section through one of the points of contra- 
flexure, and representing by 5 and T the direct and tan- 
gential stresses at the section of the upper portion (the 
opposite stresses of equal amount being assumed to be 
acting at the section of the lower portion), we have 

H =T, 

and taking moment at C (moments -f- when producing 
compression on the outside fibre as before), 



ilf 1 == Hho . 



IP 



^I^'' - '"^^ (x - 'h + S X*^'' - ">' '''■ 



Putting the first derivative of a> with respect to h^, equal 

to zero, we obtain, 

bit + 3 hli ,. 

^-bh+Thl,^ <'^> 

and consequently, 

M, = - Jf, = - H (A -/^o) = - j,jf^l\j hH . (29) 
M. = -M. = m, = *-^±f|^/»H .... (30) 



30 STATICALLY-INDETERMINATE STRESSES 1 

In the upper side of the section, taking moments succes- ' 

sively at -4, o, -B and D, we get, 

Mo= -H (h- h^y 

sb^ - (p, + p)(h-hoy 

M2 = -T(h-ho) -Sb = H(h-ho)=^'-' Mo. 
M^=Tho-Sb - (P + P^)h=^- Hho^ - Mj. 

The moment at any point of the frame may now be 
expressed as follows, the origin of x being taken at A, 
C, and D respectively: 

Cross-girder, Mo + ^'7^^ x ^ - H (h ^ K) + ^^^\-^o) ^ 



Left post, Ml H ^-r ^ X ^ H {ho— x). 

ft 

Mo — M* 
Right post, ilfs + \ x = H(-ho+ x). 

Ft 

Neglecting the influence of direct stresses and shears as 
before, we obtain for the internal work: 
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The direct stress in the post is 5, being compression in 
AC and tension in BD. 

s=(ii±mL^M (3.) 

The posts are, therefore, subjected to bending and direct 
stress combined. 

If the posts were hinged at the base, M^ and M^ would 
disappear, and as h^ would then be equal to o, we get 

Mo Jf 2 = - Hh, 

The reverse actions would take place if the girder were 
hinged to the posts while the latter are fixed at the base. 



w 



Pi +.-f • 







P+-F* 



Tig, X5 



Mo 



/; 



12' 



mmmi 



^12000 LB8. 



A B 




<-e^' 



-id^ 



-M^ 



-24^ 






5 



Fig. 16 



21. In case the wind pressure P^ acts on the train at a 
distance of d (Fig. 15) above the axis of the cross-girder 
in addition to P and P^ acting on the structure as before, 
the bent will beside its own weight be subjected to forces 
due to the overturning moment of Pj) ^.s shown in the 
figure. The moments as found by Eqs. (16) to (19) for 
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vertical forces are in this case to be combined with those 
by Eqs. (29) and (30) for horizontal forces to obtain the 
resultant moments and reactions. 

Example. — In the bent of the preceding example, suppose 
wind pressures of 12,000 lbs. and 6000 lbs. be acting on 
the exposed surfaces of the train and viaduct respectively 
(Fig. 16). 

To find the stresses produced in the posts due to these 
wind pressures only. 

Considering the horizontal forces only, a pressure of 1 8,000 
lbs. acting at the axis of the cross-girder will cause in lee- 
side post, according to Eqs. (29) and (30), the following 
moments : 

ij- 45 X 24,000 18,000 ^^ o r^ It 

3/0 = — — --^ X 15 X —^ = —66,780 ft.-lbs. 

24 X 1000 + 90 X 24,000 2 ' 

j^f 24 X 1000 + 45 X 24,000 ^ ^^ ^ 18,000 ,g ^^ ^. ,, 

Ml = ; X 15 X = .68,240 ft. -lbs. 

24 X 1000 + 90 X 24,000 2 

The overturning moment of wind pressure on the train 

produces one upward and another downward pressure of 

12 000 X 10 

— - — == 20,000 lbs. on the cross-girder at A and B, 

6 

for which we get, from Eqs.^(i8) and !(i6), 

1000 ( / 2 . 24 — 30 \ 

Afo = X 20,000 i[—z 1 ^^—]^S X 9 

2 (\4o8,ooo 52,416,000/ 

— (—^ 1 ^4 -• 42 \ 21 X 3 [ = - 3580 ft.-lbs. 

\4o8,ooo 52,416,000/ ) 

_ _ 1000 ( / I 24 — 30 \ 

M. = X 20,000 U — -^^— I 15 X o 

^ 2 f\4o8,ooo 52,416,000/ ^ ^ 

(I 24 — 42 \ ) - „ 

— 5 121 X 3 > = 1700 ft.-lbs. 
408,000 52,416,000/ ) ' 
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As to the direct stress in the posts, we get, from Eqs. (31) 
and (20), 

18,000 (h — ho) 



F = 



24 



+ 5000 = 10,565 lbs. 



The maximum fibre stress in the left post due to wind 
pressure will therefore be a compression of 

(66,780 + •?q8o) 12 , 10,56^ „ 

V ^/ -T o:> J X 6 + ^ = 5505 lbs. per sq. m. 



1000 



24 



This amount of fibre stress is but little less than that due 

to full loading found in the preceding example. 

In case the lower ends of the posts are hinged, M^ would 

be 

— 9000 X 15 = — 135,000 ft.-lbs. nearly, 
and 

12,000 X 25 + 6000 X 15 



F = 



24 



= 16,250 lbs., 



so that the maximum fibre stress will not be less than 

135,000 X 1^2 X 6 . 16,250 ,, 

"^^ H —^ = 10,397 ^^s- P^^ s^- ^^• 



1000 



24 



These figures show that ^1 a 
the decrease of moment due 
to vertical loading by hing- 
ing the lower ends of the 
posts is far more than neu- 
tralized by the increased 
moment caused in the same 
by wind pressure. 

22. In a bent with simple 
cross-bracing, such as shown in Fig. 17, acted on by 




Fig. 17 



\ 
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wind pressures P and Pj, if we suppose all the joints 
of the bracing to be hinged, there would be two points 
of no moment in each post, viz.: A^B, and the points of 
contraflexure o, o. Also there would be no moment in 
any member of the bracing. Passing a section through 
o of the post AE, and denoting by T and 5 the tangen- 
tial and direct stresses acting at the section of the upper 
portion, as in the preceding case, we have 

2 

Taking moments at E and C, 

Mo^-T(/-ho)=-H(/-ho)> 
M2 = — Mo, 

Taking moment at o of the post BF, 

^Sb- (P, + P)(h- ho) = o, 
or ^^ (P,-\-P)(h-ho) ^^^^ 

Then at any point distant x from E we have the follow- 
ing moments in the post AE: 

E to C, Ml + ' . ' x^ H(ho- x). 

CtoA, Mo-^(x^/) = H(/-ho) (^-^ - i) . 

The corresponding moments in the post BF have simply 
the opposite signs. 
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Neglecting, then, the influence of all direct and tan- 
gential stresses both in the posts and bracing, we get for 
the internal work of moments in the posts: 



<0 



= m\IS-^^''''^£^^-^'^-r-^l''\ 



Integrating, we obtain, 

DiflFerentiating © with respect to h^, and setting the dif- 
ferential coefficient equal to zero, we get 



_ /(2A+/) . . 

'^ - 2 (A + 2/) ^^' 



SO that 



«.=-«.= 41^!^ («) 

To obtain direct stresses in the posts and braces, pass 
a section through AB, AD, and CD; then, considering 
the left portion of the section as far as to the point of 
contraflexure, the moment taken with respect to D will 
give, by calling, as before, compression — and tension + : 



-Sb-T (/- ho) - P^e + AB.e^o, 
from which 

jg _ Sh + T{f-h) + P,e ^_^p^p ) (h-ho) ^ P,^P ' 

e ^ ^ 26 2 
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Taking moment at ^ , we get 



-T(h- ho) - CD > e -^o, 



from which 



CJ9 = - 



T{h-h) (P + P,){h'-h^ 



e 26 

Further, since SF = o at the section, 

— 5 — AD sin a = o. 



Whence 



i4£> = - 



5 (Pi 4- P) (h - ho) 



sm a 



b sin a 




The direct stress in either post is 
nothing else than S, being com- 
pression in ^ JS and tension in BF. 
In case the wind pressures are 
supposed to be acting at points 
C and D (Fig. i8), the condition 
of affairs remains unchanged so 
far as moments in the posts are 

concerned. The only differences with the preceding case 

are in direct stresses. Since, here 

(A + P) (/- ho) 
5= ^ , 

we get for the direct stresses in posts and braces the 
following expressions: 

(p, + p)(/-;to) 



AB=^- 



26 



-^_(P, + P)ih-K)^p^ 



AD=' + 



2e 

(P, + P)(/-A.) 
h sin a 
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2000 LB9. 




^ 30 IN. 



I »8000 IN.f 

A— seiN.s 



1/ 



2b' 



It is to be noted that the neglect of direct stresses in the 
calculation of internal work implies the indeformability 
of the frame ABCD, which is evidently not true, but the 
eflFect of its deformation is generally so small that the 
formulas deduced above will 
be practically correct. 

This form of construction 
is more common in portal 
bracing of a metallic bridge 
than in viaduct bents, of 
which former, the following 

example furnishes a case. 

Example. — In the portal 

bracing of Fig. 19 find the 

stresses in braces and the greatest fibre stress produced in 

the posts in carrying the wind pressures as shown, down to 

the masonry. 

From Eq. (33), 

16 (44 4- 16) 



h 



-Kh 



i 1 



Fig. Z9 



ha = 



= 8.9 ft. 



® 2(22 -f 32) 

From (34) and (35), 

Ifj = 13,500 X 8.9 = 120,150 ft.-lbs. 
M = - 13,500 (16 — 8.9) = — 95.850 ft.-lbs. 
From Eq. (32), 

27,000 (22 — 8.9) 



S 



16 



= — 22.100 lbs. 



Consequently the maximum fibre stress in the post will be 

22,100 . 120,11:0 X 12 „ 

1 -^ X 15 = 3105 lbs. per square in., 

being tension in the right post and compression in the left 
one. 
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Supposing the diagonal braces to be capable of resisting 
tension only, only AD would be in action with the given 
direction of wind pressures, and we get, 



. (22—8.0) , 2000—25,000 o it_ 

— (2000-1-25,000) ^^ '2~~^ = —40,980 lbs. 

2 •x O 2 



AB^ 



CD 



(2000 -I- 25,000) (22 — 8.9) 



AD= 



2x6 

(2000 -I- 25,000) (22 — 8.9) 
16 X .35 



= — 29,480 lbs. 



= -h 63,160 lbs. 



23. In a bent with knee- 
bracings, such as shown in 
Fig. 20, assuming all the 
members to be hinged at 
their connections and the 
base of each post firmly 
anchored to the masonry, 
we have, as before, 




Pig. ao 



H 
T 

S 

M, 
Mo 

M, 



^1 = 



P + Pi 



(P + P,) (h - ho) 

b ' 

— Mji= Hho , 



= -ilf5= -H(h^ho)(^—^y 

ho representing the height of the points of contraflexure 
as in all the previous cases. 



VIADUCT BENTS 39 

Considering bending moments only, we get for <» the 
following expression ; the origins of x beifig taken at C, £, 
Ay and F: 



Q) 



in which 7^ and I^ represent the moments of inertia of 
the strut AB and posts AC and BD respectively. Since 



dMi _ dMp 
dho dho 

we get for 



-^•^-«(^^> 



d<a 

= O, 



dk 



from which 

' - 2 Z,/, (/t + 2/) + /, (6 - 2 a)2 • • • ^^^^ 

Knowing ^o, the moment at any point of the bent may 
at once be written. Thus, 

C to £, H (ho — x), origin of x taken at C, 
EtoAf—H (/— /to) (i 1 1 origin of x taken at E, 
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— 7 — J-, origin of x taken at A, 

F to Gf—H (h—ho) (— -T— ) (^ — 1~~') * origin of :c taken at F. 

The moments in the right half of the frame are simply 
opposite in signs to those of the left. The direct stresses 
are obtained in the following manner: 

Passing a section through A and EF, and considering 
the left portion above o, the moment taken with respect 
to A will give: 

-T Qi-ho) -EF • i = o, 

or 

H(h- ho) 



EF=^ - ^ . "^ = -GK. 



In the same section, since 2F = o, 



- S -{- AE + EF cos a = oy 
from which 

H {h- ho) (b - 2 a) 



AE = S -EF cos a = ^^-^ ^^V^^- ^ = - ^if, 

2H (h- ho) 



C£ = 5 = - ^ : ^ = - KD. 

b 

Passing a section through AF and EF, and considering 
the left position of it, since 2 Horiz. forces = o, 



H - Pi + AF + EF sin a =^ o, 

from which 



e 
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A vertical section through FG will give for the left half of 
the section, 



or 



H - P^ + FG = o, 

P,-P 



FG^ H + P^ = 



At a section through GB *and GK we have for the left 
portion of the same, 



from which 



H -P^ + GB + GK sin a = o, 
— P^^P Hjh^ho) 



Like the last case, this form 
of construction is often used 
for portals, especially of a 
wooden bridge. The fol- 
lowing example is a case of 
the latter. 

Example. — To calculate 
the stresses in the portal of a ^^' *^ 

wooden bridge, of Fig. 21, due to wind pressures as shown. 




Here 



/j == — — — == 864 m.*, 



12 



12 X iL o • 4 

h = — = 5832 m.* 



Substituting in Eq. (36) the values of several terms, we 



get, 



IS X 864 X 42 X 10 + 5^32 X 5^ X 16 
^ 2 X 15 X 864 X 36 + 5832 X 52 - 7-^' *^ 



42 
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r,^ . _._ QOCX) 4- lOOO |, 

Then, since H = = 5000 lbs., 

Ml = $Qoo X 7.21 = 36,050 ft.-lbs. 

Mo = — 5000 (10 — 7.21) = — 13,950 ft-lbs. 

M4= — 5CX30 (16 — 7.21) ^ = — 14,650 ft.-lbs. 

The following are direct stresses : 

10.000 (16 — 7.21) 



CE = - 



15 



= — 5860 lbs. 



i=rF; 5000 (16 — 7.21) ,^ |, 

EF= — ^^ — - — = — 11,566 lbs. 

3-S 



GK= + 11,566 lbs. 

— — 9000 — looo , 5000 (16 — 7.21) ,, 

AF= ^ + ^ ^ — *- — - = -f- 11,325 Ids. 

2 o 

—-, 0000 — 1000 , „ 

FG = = + 4000 lbs. 

2 

^ ^ 9000 - ^000 _ 5ooo('6-7») ^ _ ^^^ 

2 6 

The following comparisons of maximum stresses in 
members, as calculated on assumptions of fixed and piv- 
oted ends of end posts, show that there is a considerable 
margin of safety in the statical calculations as generally 
followed in designing a portal brace of this kind, when 
the post ends are really fixed. 

MAXIMUM STRESSES IN LBS. PER SQ. IN. 



End Conditions. 


AC. 


EF. 




AB. 




Direct. 


Bending 


Total. 


Direct. 


Direct. 


Bending. 


Total. 


Fixed . . . 


27 


668 


695 


321 


157 


I22I 


1378 


Hinged . . 


49 


926 


1075 


658 


240 


2223 


2463 



M< 



1 



-b-^ 



k 

Fig. aa 



M< 



Ri 



CHAPTER III 

CONTINUOUS GIRDERS 

S84. Let Fig. 22 represent two consecutive spans of 
a continuous beam, sup- 
posed to be resting on im- 
movable supports of such -y^c ^ b^ 

heights that the girder 
would be unstrained were 
it completely unloaded. 

The following designations will be used throughout the 
discussion : 

M^, M^j Mi . . moments in the beam at the supports A, B, C 

respectively. 

Ri, -Rj' .... reactions at A and B respectively, due to mo- 
ments and loads in span l^. 

R^'^ i2g . . . . reactions at B and C respectively, due to mo- 
ments and loads in span l^, 

Gf b distances of loads from A and C respectively. 

/j, /j .... moments of inertia of the beam ?X AB and BC 

respectively. 

m^f Wj, f«8> W4 . . moments at any points between A and W^, W^ 

and By B and T^j, W2 and C respectively. 

E modulus of elasticity assumed to be constant. 

Forces acting upward are positive, and vice versd. 
Moments causing compression in the upper fibres are posi- 
tive, and vice versS,. 

43 
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Tension is taken as positive, and compression, negative. 
Neglecting the effect of shear, we have for the internal 
work in the beam, 

The reason for taking two consecutive spans as an ele- 
ment of indefinitely continuous girder and confining the 
summation of internal work to them, lies in the fact 
that in order to find the value of M2 which will make w 
a minimum, it is unnecessary to go beyond the two spans, 
since M2 depends, as will be seen immediately in the fol- 
lowing, on Ml and M^ and loadings on /^ and l^ only. 
Calling, as before, those moments producing compression 
in the upper flange positive, and vice versS,, we get the 
following equations: 

Wj = Ml + RiX, origin of :x: at i4, 
W2 = Af 1 + RiX — Wi(x — a), origin of x at A, 
m, == Mj + RsX —W^ix — b)y origin of x at C, 
fn^ = Mz + RaPCf origin of x at C, 
. J, W, (/i - a) ^ M,-M, 
^ ^ h ' 

Substituting these equations in the expression for work, 
and setting the first derivative of the same with respect 
to M2 equal to zero, we at once obtain the following 
equation : 

+ ^Q^-b')-^o (37) 
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Whence for any number of loads, we get when I^ = I^ the 
following: 

:S,Wa 'IWb 



k 



L 



25. For partial uniform load w per unit length (Fig. 
23), we have but to replace Wy^ and W2 with wda and 




T 




■^ 



T ^ 



v/« 



? 



Fig. 23 



Fig. 34 



w;rf6 in (38) and integrate between given limits to obtain 
the following equation: 

11) ID 

4h 4h 



For fidl uniform load, Eq. (39) becomes 

10 1 ^ wl ' 



. . 



(40) 



26. In case both ends of the girder are free and simply 
supported (Fig. 24), M^ and M^ will be equal to zero, so 
that we get from (38), 

2,Wa IWb 



/i 



/, 



1"^ 



I 



» — ©— H 

-L-l 
h — 1 



."'H' 



i^L 



I 



Kg. as 



FiS. 36 
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Vf. If the left end of the girder were firmly fixed and 
continuous at the other end (Fig. 25), then it would be 
equivalent to making /^ = ooin Eq. (37), and we get 

2M^, + MJ,^^^(l,^-b') . . . (42) 

28. Similarly if the right end were fixed and contin- 
uous at the other (Fig. 26), we would obtain 

MJ, + 2MJ, = ^^(l,^-a') . . . (43) 

29. When a beam with uniform cross-section is con- 
tinuous over several supports (Fig. 27), apply Eq. (38) 



Mi-O 




Ms 




Ms 




Mi 




M» 


A 


./l 


A 


It 


^^ 


h 


Zl 


k 


A ■ 



Fig. 87 



successively to every two spaces (paying attention to 
suffixes), in the following manner: 

/^and/j, oH-2if2(/i+y+W2= T / "• 



^ a^) ll 



1 Af n^i^ ^;rn A.l^^^^Jfl ^Wa{l^^-a^) tWh^-V^) 

I ^7 i.>r7_L lr/7^7^^l^7 Wa(y-a^) |prK/4^-y) 
/, and /4, Afj/s + 2 ilf4(/8-h/4) +3/6/4= ^r -' ^f -^ • 

In this way as many equations as there are unknown 
moments could be obtained. The rest is a purely alge- 
braic work. 
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T 



-hr 



T 



30. In all the foregoing cases of continuous beam, the 
supports were supposed to be unyielding. If, however, 
the beam were made to rest on a comparatively yielding 
support or supports, such 

as tall metallic columns mj— o-^' m^ ^fc-^ 

for instance, then the 
deformation of the latter 
would modify the bend- 
ing moment in the beam 
by so much as the de- 
flection produced by the 
sinking of the support makes the beam to take up a por- 
tion of the load. Fig. 28 shows a beam continuous over 
three supports, of which the intermediate one is a 
column of the same material as the beam. 

Using the same designations as before, we have for © 
due to W^ only 



Fig. 38 



0> = 



2 EI 



J' m^dx + I m^dx + I m^dx \ 



+ 



2EA' 



in which A represents the cross-sectional area of the col- 
umn, and Rj the pressure acting in the same. 
Since 

^ W, ft - a) _^_M,-M, 



h 



h 



J, ^ M,-M, _^ M»-M, ^ W,a 



R* = 






I, 



h' 



R^ + Ifj-I- i?, = W^, 
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and m^ = M^ + R^x, origin oi x 2it A, 

W2 = Mj 4- R^x — Wi{x'- a), origin of x at A, 
Ws = if 8 + RsX, origin of x at C, 

substituting these in the equation of work, we get for 



dM^ 



= o, 



In case Mj = o, and M , = o, we get 

a U^-a" hfi i\\ 

For W, and W^, 

If /,=/, = /, we get for W, 

a (P — a') 2 aA 

whence 

«.- ^/.""^ W. (47) 



'<'iv9 
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31. If, owing to any cause, the central support were 
found, either to yield when loaded or to be so displaced 
that the beam has to deflect to bear on the supports, the 
force exerted simply to keep the beam on to the latter pro- 
duces reactions and moments. That force is no other than 
i?2 which has for its displacement the deflection of the beam. 

Represent by A h the deflection of the beam at the cen- 
tral support, reckoned \xi 
the direction of the force, 
acting through it, i.e., neg- 
ative for sinking, and vice 

Fig. ag 

versS,. Let M^, M^, etc., 

be moments caused by the motion of the support. Then, 

according to the first theorem of Castigliano (Art. 6), 

Since 

A2 = 1 ' ] ' 

and for the internal work we have as before, 

making M2 the variable, 
we get 

from which 



(48) 
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In case the central support sinks by 5, then i^h = — 5, 
and if in that case the ends of the girder were free, we 
would have 

2M2(/i + y = 6£750 + ^-) .... (49) 

If, instead of the central support, the left support, for in- 
stance, deflect by A /t, then in this case, since 

Jif, 



«= ^ 



Ri- 



we get 



whence 



li 






^ 3 EI Ah . , 

""^^/Tc^TTy ^^^^ 

Example i. — A continuous girder with a length of 200 
ft., and a uniform section whose depth is 16 ft. and moment 
of inertia 5 5 2,960 in.*, is supported at its centre by a metallic 
pier 50 ft. high and 50 sq. in. in section. To calculate the 
maximum stresses found in the chords and pier due to a full 
uniform load of 3600 lbs. per ft. run. 

From Eq. (47), 



^2=2 -^ r— -=■ = -^ — = 440,000 lbs. 

Since 

2 i?j + 2?2 — 3600 X 200 = o, 

440,000 
i?i = 3600 X 100 = 140,000 lbs. 
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Comparing + and — moments in the girder, the latter 
will be found to be greater in this case, being at the central 
support 

140,000 X 100 — 3600 X = — 4,000,000 ft.-lbs., 

from which we obtain for maximum flange stress in the girder, 
4,000,000 X 12^ X 8 



552,960 

and for the stress in the pier, 

440,000 



= 8333 lbs. per sq. in.. 



= 8800 lbs. per sq. in. 
50 

Example 2. — If in the foregoing example the central 
support were of masonry, so that it might be considered 
practically indeformable, but owing to yielding foundation, 
suppose it to settle by . 1 76 in., what would be the moment 
and reaction at the centre, assuming E = 30,ocx),ooo lbs. per 
sq. in..? 

From Eqs. (41) and (49), 



I n 

= zz I a (P — a^) wda + 

2 /"Jo 



3 Els wP , 3 Els 



3/3 = - ^ / a(P^ a') wda + ^ -g- + ^ 

3600 X 100^ 3 X 30,000,000 X 552,960 X .176 
^ 8 ^ ioo2 X I2» 

= - 3»993»i2o ft.-lbs., 
from which 
-^2 = 2 [3600 X 50 + 3>993>^2o \ ^ ^^Q QQQ iijg^ 

32. When the truss forming a continuous girder is of 
considerable depth, the influence of deformations of web- 
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members which has been neglected in the foregoing dis- 
cussions becomes felt to some extent. A method of tak- 
ing the same into consideration will be explained when 
deducing formulas for swing bridges. Trusses contin- 
uous over several- supports are, owing to several draw- 
backs, so seldom constructed, that it will not be necessary 
to go farther into the subject in this place. 

SWING BRIDGE, WITH THREE SUPPORTS 

33. For a swing bridge with three supports, when it is 
of plate girders or trusses of comparatively small depth in 

which the eflFect of defor- 
^ - wi' ?a w, ?' mations of web-members is 
—^ ^ ^ — ^ inconsiderable when com- 



l 1 .. 1 J pared to that of chords, 



p/g. 30 Eq. (41) may be used with 

correctness sufficient for all 
practical purposes, and from it other necessary equations 
may be at once written. 
In (41) making h = I2 = I, 

^2- -^ . . . (51) 



Rs= 7 



lM^ + l,W^(l-b)]y 



i^i + i^j + 2?8 = SPFi + ^W^. 
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34. When both ends of the bridge are simply sup- 
ported without being raised, the dead-loads act as on two 
overhanging arms, either when the bridge is closed 
or open, the live-load alone 



acting as on a continuous h— <^ |* 6i ■ 
girder on three supports when 



5 ^ i ^ i 

both arms are loaded par- "» * ''• 

tially or fully. Pig. 31 

When the moving load is 

a uniformly distributed one of w per unit length (Fig. 31), 

then from Eq. (39), 

a^^2 P - a,^) + h,^ (2 P -h^) 
16/2 



Jlf,^- "^ ,..-.,;.^^., ,.. -u,, ^ ^ ^ ^^^^ 



^^ = T ■*" — ri 

^ — ^T"^ — ri — ' 

If in this case, one arm only be loaded, then the end of 
the other arm would be lifted clear of its support, and the 
loaded arm would be a simple girder with span length /. 
This mode of loading generally gives maximum positive 
moment and shear, which are for the left arm at any 
point distant x from the left end, 

m = — (/ — x) for full load, 
2 ^ 

s sss — i — —i- for load covering (/ — x), 
2 1 
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s denoting shear taken as positive when it tends to move 
the left side upward past the right side of the section. A 
little consideration will show that the greatest negative 
moment and shear at any point of the left arm will be 
produced by the greatest negative amount of R^ com- 
bined with load between the point 
and the left end of the arm. Now 
P^^ f from the expression for R^ it will 

be seen that all loads on the right 
arm make Ri negative, while those on the left arm posi- 
tive. Consequently the maximum negative moment and 
shear at any point x (Fig. 32) will be caused by the 
load covering the right arm and the portion of the left 
arm between the point and the left end of the arm. 
They are, 

* 2 ( 16 /■ 2I ) ' 

s^R^^^oc^^ i 16? — +r/r- 

The absolute maximum negative moment will, for the 
same reason, be found at the central support when both 
arms are fully loaded. 

These considerations are all that will be necessary in 
determining maximum stresses in diflEerent members of 
the truss. 

35. In case both ends of the bridge are fuily lifted^ the 
dead-load will be supported on three supports when the 
bridge is closed, and the central moment due to the same 
is to be calculated with Eq. (51) or (52). 
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36. When the girder, instead of being a beam as in the 
preceding case, is a truss with considerable depth, the 
deformations of web-members may sometimes be so great 
that it would be necessary to take them into consideration 
in accurate calculations. To do this, however, since the 
dimensions of each member of the truss should be known, 
it is the general practice to make preliminary calculation 
of stresses in all the members with the external forces as 
found by the equations already given for the case of uni- 
form cross-section, with the effect of web-stresses neg- 
lected, and afterward to make such tentative corrections 
as are necessary on the dimensions according to the more 
accurate computations based on them. The following is 
an accurate method of determining the external forces. 

Let 

A = the cross-section of any member of the truss, 

E = the modulus of elasticity of the material, assumed to be 

constant, 
5 = the stress in the member, 
L = the length of the member. 

Then for the total internal work in the truss in which 
the members are subjected to direct stresses only, we 
have, 

2AE ^^^^ 

In the swing-bridge truss of Fig. 33, since M^ must 
always be such as to make the total internal work a mini- 
mum, if we now express S in each member due to any 



1 



S6 
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given loading in terms of If, and substitute it in (53), 
then from 



dM, 



= o 




we can at once obtain the required value of M^- For 

simplicity, as- 
^« sume two 

symmetrical 
loads W,W 
and distin- 
guish A, S 
and L of each 
member with 
corresponding 

suffixes and the arm-lengths of several members as shown 
in the figure. Then taking moments at the successive 
sections, we get the following values of S\ 

rlQ 
S2 = Rt 

5a = 



Pij. 33 



d + p 
W(d'\' p) - R^d 



^ _ W(d-\-p)- R,d 
W(d + p)-R,d 



/. 



RtP 



s, = - 



5, = - 



go 

(2R, 



W)p 



gl 
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5u= 






^2 



and since 



M. 2 w^ 

3P 3 

A2 = -7 i > 

3P 3 

^ M. 2 T^ 

3P 3 
/?! 4- i?2 4- 7^8 = 2 PT. 

Substituting, we get, 

2Ei ^WA^ ^(d+pyA^ ^A^ ^go^Aj 

Setting the first derivative of o) with respect to If, equal 
to zero, remembering that, 

dR^_ dR^ _ I 

dM^ dMi 3 p 
dR2 2_ 

dMi ~ Sp' 
we get, 

whence Afj and i?2 may be obtained by substitution in 
the foregoing equations. 
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In this way R^, R^, and M^ are to be calculated for dif- 
ferent modes of loading in order to obtain stresses due to 
them. 

A comparison of approximate and correct methods of 
computation shows that the difference in results obtained 
by the two methods is generally inconsiderable, as will 
be shown in the case of a swing bridge with four sup- 
ports (Art. 37). 

SWING BRIDGE, WITH FOUR SUPPORTS AND PARTIALLY 

CONTINUOUS 

37. A swing bridge fidly continuous over four supports 
has probably never been constructed, owing to practical 

difficulties in con- 



-a 4 « ' U — &- 



a / ^ V V ^ , — 1^ V V V \ q ference in amounts 



struction arising 
from the great dif- 



t'"' ^ ' l^'ia ^ i, between central 

Pig. 34 reactions when 

the bridge is par- 
tially loaded, which may necessitate special provisions 
for holding down the central supports on to the ma- 
sonry. For this reason, such bridge is made either 
partially continuous or entirely discontinuous. Partial 
continuity in such case is effected by omitting the web- 
members between central supports, thus cutting off the 
means of transmitting shear from one span to the other. 
Fig. 34 shows this kind of construction. As there can 
be no shedr in the panel BC, it is evident that M^ will 
always be equal to M^. 
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Represent by . . > 

Wi = moment at any point x from A between A and Wy 
W2 = moment at any , point x from A between W^ and B. 
W3 = moment at any point x from D between C and W^g- 
W4 = moment at any point x from Z> between W2 and i). 

Assuming the truss to have uniform moment of inertia /, 
and neglecting the influence of deformations of web- 
members, we get for the internal work due to moments: 



(0 



= — =rr] I fnMx+ \in^dx-\- \ M^dx-\- \ fn^dx+ 1 m^dx 

2EI(Jq J a Jo Jb t/o 



But 

nil = R^x =^ -j\M2 + W^il — a)\ X, 

V 

tria = RiX — Wi{x — a) == —j- x H — — -, 

V V 

Ws = R4PC — W^KPC — 0) = —X -^ — , 

W4 = R4PC = - AM^ -\- W^Q ^ h)] X. 

V 

Substituting these values of m in the above expression for 
work, we get for 

the following equation: 

2 IM2 -f W,Q - a)]-+ 2 ifa/a + 2 [M^ -\- W^Q - &)}- 



6o 
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from which generally for any number of W^ and W^ we 

cjet 

_ m,a (/» - g') SIT^ (/» - y) . . 

Knowing Af„ all the external forces become at once 
known, thus: 

/?,= \Mi-\--S,W,il-a)\], 
/?,= \Mt+%WtQ-b)\j 

These equations give approximate results for most kinds 
of trusses; a more accurate result is obtained by taking 
the deformations of the web-members into considera- 
tion, and forming 



a> = 



S5^L 
2EA' 



extended over all the members of the truss, as explained 
in the case of three supports, the necessary A and 5 being 
provisionally obtained by means of the approximate 
equations above given. The mode of loading to give 

maximum moment or 
B ^-i- rf n ^^\w"\^^i^ shear at any pomt m 

the truss is essentially 
the same as in the 
case of three supports. 

Example. — In the 
swing bridge of Fig. 35 to calculate the reactions due to 




Fi«. 35 
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uniform moving load of lO tons per panel, when both arms 
are fully loaded. 

For the assumed position of moving load, 

The following stresses and internal works may now be 

written f 



;/ 



Summing up the works, and putting the first derivative of 
the sum with respect to R, equal to zero, we at once get, 

Ry = 30.19 tons, 

R^= $0 — R, = 29.81 tons. 

38. Had the moment of inertia been assumed to be 
uniform throughout the girder and at the same time the 
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deformation of web-members neglected, we would have 
obtained from Eq. (54), 

_ S 10 a (26,244 — a^) 

2 - "~ ^ 162 (108 + 648) 

Substituting in this, a = 27, 54, 81, fo8, and 135, we 
obtain 

M2 — — 1012.5 ft.-tons, 

SO that 

R^ = [M^ + Sio (162 — a)\ tJ^ = 18.75 tons. 

Comparing this with the preceding result, it will be 
seen that the assumption of uniform moment of inertia 
and the neglect of web-member deformations give R^ 
smaller by about 7 per cent in this case than given by 
the more correct calculation. In practice, however, all 
this nicety in calculation becomes almost valueless, owing 
to the overwhelming disturbance brought about by 
unequal temperature changes, which constantly tend to 
throw out of adjustment the end supports on which the 
stresses of all the members solely depend. 

DOUBLE-SWING BRIDGE 

39. Double-swing bridges are latched at the centre 
when closed, thus transmitting shear, but no moment 
from one span to another. 

Fig. 36 shows a double-swing bridge with four sup- 
ports. The point C serves for both trusses as a common 
yielding support. 

To simpUfy the discussion, all the spans will be made 
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alike. Then for any load W^ we get the following mo- 
ments in the several spans: 

R^x between A and W^y distant x from A . 

R^x — W^ipc —a) . between W^ and JS, distant x from A. 
ilf 1 + 2^2"^ • • • between B and C, distant x from B. 
ilfj -f ^a'^ • • • between D and C, distant x from Z). 
i^jc between E and i), distant ji? from £. 

Assuming the cross-section of the trusses to be uni- 



•— a— *f* 






tr^ 



V/i 



M 



4 Ms I 




Fig. 36 



form throughout, and considering moments only, we get 
for the total internal work due to W^: 

+ f\M,+R^''xydx+ f\M^+R^'xydx+ f\R^ydx]' 

t/o •^o *^0 J 

Taking moments successively aX B, A, C, E, and D, 
we get, 

^i = ^ +— ' 



i2/ = 



TTja Jkfi 



/ 



/ 



A2 — T' 



R2 



-/?' + j?''=-^^+^. 



/ 
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T' 



^'=-/ 



^ -T* 
Taking moment at D, 

Substituting the values of i?i and i?, in this, we get 

Introducing these equations in the expression for the 
internal work, and setting the first derivative of it with 
respect to J/j equal to zero, we get 

M. = -'-^^W, (55) 

and consequently, 

M^^tl^W, (56) 

Similarly for load W2 in the right-end span we get, 

^2 = -^ — w^ 2 (58) 

For any load W^ in the second span from the left, we have 
as before the following moments: 

R^^ between A and B, origin of x at Ay 

Af , + Ri'x between B and W^j origin of x at Bj 

M^ + R^^'x— Wz {x — c)y between W^ and C, origin of :x: at 5, 

-^2 + ^b'^ between D and C, origin of x at Z>, 

i?45[? ' . . between E and Dy origin of jc at E, 
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from which we get the following internal work: 

+ [{M^ + R^^'x -Wz(x- c)\Hx + fiM^ + /^b'^)' (/:» 



+ 



r (i?4^)2 doc\ 



Taking moments at 5, C, and D successively, we have: 






ilfa 






Ma 



M, = ~ (M, + PFsO. 

Substituting these values in the above expression for work, 
and putting as before the first differential coefficient of © 
with respect to M^ equal to zero, we at once obtain: 

^i = - 8P 1^8 ... . (59) 

M 2 = g-p 1^8 • • • • (OO) 

Similarly for any load W^ in the third span from the left, 
we get, 

Mi = ^ f^ '-W^ .... (6i) 

,. (f(6P-3 /(f 4-(P) ,;,, • ,, V 

Mj = ^^ g^ ^ 1^4 ... . (62) 



66 
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Finally, we get for any number of loads, 

Af, = ^ { - iW^aiP - d^) + •ZWj)(p -b")- :iW,fi(6P -3k + c') 



-l,Wid(2p + sld-d^l 



(63) 



- 2^4^(6/2 -3W + d*)j (64) 

(65) 



^W, (I -a) , M, 

^' = 1 + T • • • 

P XW^a 2j|f, ^SPr,(/-c) 

Ao = : — : 1 



R.= 



Ra = 



I 

I 



I 



I 



• • • • 



2M2 . ^W,il- d) 



I 



+ 



/ 



%W,{1 -b) ^M, 



I 



(66) 

(67) 
(68) 



R^ + R2 -\-Rz + i^ = SPT. 

It has been assumed in the foregoing discussions that 
the ends A and E of the trusses are not lifted off the sup- 
ports under all conditions of loading. 

40. Fig. 37 shows a double-swing bridge with six sup- 

T Ml Ml I I 11, Ms 

7V_ " 



* 1 ' T ^1 ' t' i 1" / » t ' /i4*- 

Ri Rj lis ' ^4 ij 




Pig. 37 

ports, made partially continuous by the omission of 
diagonals in the central panel of each truss, for reasons 
already stated in the case of a common swing bridge. 

Then, since by construction there can be no shear in 
the central panels, the moments over supports belonging 
to them must be equal to each other in both spans. 



CONTINUOUS GIRDERS 67 

Assuming the cross-section of the trusses to be uniform 
throughout, and considering moments only, we have for 
total internal work due to any one load W^ in the left- 
end span: 



<tf 



= -^^ f\Rixy dx + f\R^x - W^x - a)]^dx -{■ f ' M^^dx 

2 hi ^jJq Ja Jo 

+ I (Ml + Rf^fdx + i (M^ + R^fdx + r 'm^^x 



+ 

Since 



J\R^Yd^ 



^^= 'I ^T' 

Ag = J- * 

J? ^^ 

A4 = -7-9 

Substituting these values in the expression for work, 
and setting the first derivative of the latter with respect 
to M^ equal to zero, we get 



whence, also, 

^- = /(8/+x2/,) ^' ^70) 

Similarly for any load W^ on the right-end span, we get, 

^' /(8/+ 12/,) - " ^ 



6 (/» - &') 
/ (8/4- 12 ;j 



j^»=- ,';o':,~.v,. t^» .... (72) 
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For any one load W^ in the second span from the left, 
the internal work due to moments caused by the same 
may be expressed as follows: 

+ f\M^ + Rzoc -W^{x- c) I'dx 

-h r (M, + R^xfdx + rM^^dx+ f\l^xy dx^. 

Since in this case, 



Ri- p 






Jlf, 

r 











Substituting them in the expression for internal work, 
and setting the diflFerential coefficient with respect to M^ 
equal to zero, we get, 

6d(/+/.)-c»(3/-c) 
^' /(8/+I2/,) ►»'.•.. (73> 

^' /(8/+I2/.) ^* ' • (74) 

Similarly for any load W^ in the third span from the 
left, we get, 

^' /(8/ + I2/,) ^* • • ("' 

^* 1(81+120 ^* • • ('^> 
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Finally, for any number of loads we get, 



I 



-SfTgC {6 /(/ + /,) -c(3l-c)l -m^td\2l(l + 2l^) 
+ d(3l-d)\] (77) 

-SPF.c j2/(/ + 3y + c(3/-c)J -XW^d 161(1 + 1^) 
-di3l-d)\] (78) 

^^»!V^^«; ^^^, 

*.-^-^ (So) 

_ W.tf - c) M, 

str, (/ - (Q M, 
^ ^ T ^^^^ 

^^^^-^^^ ^3^^ 

41. The foregoing equations for double-swing bridge 
give but approximate results for reasons already ex- 
plained. To obtain more correct results, resort must be 
had to 

"^ 2EA 

for expressing the internal work, extending the expression 
over all the members of the truss, based on the approxi- 
mate values of S and A provisionally found by the fore- 
going equations, exactly as explained in the case of com- 
mon swing bridges. 
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ARCHES, WITH TWO HINGES 

42. In an arch with hinges at both ends, since the 

moments cannot exist at 
these points, the reactions 
ought to pass through the 
latter. 
Fig. 38 shows a sym- 
M«. 3B metrical arch-rib with 

hinges at A and B. 

The following designations will be used throughout 
the discussion : 




Fj and H 

F2 and H' 
I . . 
/' . . 
X and y 
c . . 

a and b 



a' 



• • 



tn 

N . 

T . 

R . 

E . 



. the vertical and horizontal components of the 

reaction at A. 
. ditto at B, 
. span length. 

. length of arch measured along the axis of the rib. 
. coordinates with origin at A. 

. distance from A measured along the axis of the rib. 
. inclination of tangent at x, y to the horizontal. 
. distances of a load from A and B respectively. 
. the distance measured along the axis of the rib 

from A. 
. moment at any point. 
. normal stress at a section. 
. tangential stress at the section. 
. resultant force. 

. modulus of elasticity assumed to be constant. 

70 
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/ 

A 



moment of inertia of the normal section of the rib. 
cross-sectional area of the rib. 



Forces acting upward are taken as positive. 

Moments producing compression at the extrados are 
positive. 

Forces acting toward right are positive. 

Tensions are positive and all vice versL 

Since equilibrium requires that among external forces 
as well as between external and internal forces 

S horiz. forces = o, S vert, forces = o, and S moments = o, 

we have, H - W = o, 

and from moments taken with respect to B and A , 

43. Since at any section of the rib, wherever the re- 
sultant of external forces does not 
pass through the centre of gravity, a 
moment will be caused at the sec- 
tion, and further, if the direction of 
the resultant does not coincide with 
that of the tangent to the axis of the 
rib, the latter, beside being axially 
compressed, will be subjected to tan- 
gential stress at the section. 

At any point x, y of the neutral 
axis of the rib, then, referring to Figs. 38 and 39, we 
have. 




:::^" 



'>^.KH 



Fi(. SB 
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m ^ Ro = V^x — Hy^ iox x < a 

= V^x — Wix — a)— Hy, for x > a. 

Decomposing R into V and H we get, 

N -^ V sin if> + H cos ^ = o, 
r + F cos <^ — JEZ" sin <^ = o, 

in which 

V = ^W for x<a, 



-G-) 



W for x> a\ 



and since the loading is vertical, H will be constant 
throughout the arch. 

44. Neglecting the eflFect of tangential stress for the 
reason already stated (Art. 5), we have for the internal 
work in the rib due to W: 



'^"" '0 2lE'^ J^ 2AE 



Jo 2/£"^Jo 
in which 

, dx 
dc = ::, 

cos if> 

being the elementary length measured along the axis of 
the rib. 

Substituting in this expression for work, the values of 
m and N already given, we get: 

'""'{V^x - HyYdc , r'{V,x -Hy- W{x - a)Ydc 

CD 



r'' \v,x-Hyydc r''{v> 

"1 2 IE ^ J a' 



2 IE 



Jr" X^sin<^ + gcos<^)^(/c r 
2 AE "^ J a' 



{V sin «^ + JEZ" cos ^fdc 



.— -» ^AE 
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Since H must make to a minimum, we obtain for 



= o 



dx 



dH 
the following: 

Jo i^ t/o J- Jaf I'l J a* J- 

r'Hf r^ 'Wb sin <^ p^Hcos f 

Ja' / J^ lA Jq A 

from which, 

Jq II Ja ' I «/o *^ Ja ^ TT7 ^« V 



^H COS <^ , 

—J dx = o, 



■* *^0 



COS A , 

— -. — dx 
A 




45. This equation could be somewhat 
simplified by taking, instead of one one- 
sided loading, two symmetrical loads, which 
will evidently give H simply double that 
for single one. Referring to Fig. 40, and 
extending the integral over one-half the arch, we get the 
following expression for H due to one W: 

sin <^ dx 






i? = i ^ii! ,,"",'' ■^— W . . (86) 

^ COS <l> dx 



r^+ f 



Approximate results may be obtained by neglecting 
the efifect of the normal or axial stress, which is generally 
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inconsiderable when compared to that of the moment. 
For this it is simply necessary to leave out the terms 
containing N and A in the preceding equations, so that 
we get from Eq. (85), 

or from Eq. (86), 

H=i^ L_—!l^LJ-w .... (88) 



f. 



I 

46. Temperature Stresses. — A temperature change causes 
variation in the length of the rib, and were the arch- 
end free to move, a corresponding change would take 
place in span length ; but as the supports are here 
illumed to be immovable, the rib is forced back, as it 
were, to its supports. 

Let 

' ■ ' ' ' i =^ temperature change in number of degrees, 
$ — coefficient of expansion and contraction, 
Ht = horizontal reaction at the left support due to the temper- 
ature qhange. 

^agine the arch to be free to move at the left end, then 
the force Ht exerted at the support must be sufficient to 
iorce the arch through a distance of 

reckoned in the direction of the force, i.e., positive for the 
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rising temperature. Then, according to the first theorem 
of Castigliano, 

Using the same designations as before, 

*^"Jo 2lE^J, 2AE' 

m and N here representing moment and normal streis* 
due to Ht. 

Since 

w = — Hty, 

N = — Ht cos ^, 

whence 

d^ 

dH 
from which 



;=«.(rt-x"-=^)=* 



^'-=-^^1^^- r-i COS <p dx ^^^ 



r'fdc^ n 



A 

Neglecting the effect of axial stress, we get, 

tOlE 



H,= 



J. I 



(90) 



fdc 


Eqs. (85) to (90) will give the amount of horizontal reac- 
tion for vertical loadings and uniform changes of temper- 
ature when the form of the arch is known. 

47. Displacement of Supports. — If, owing to yield- 1 
ing or settling of supports, a change in span length takes 
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place, the efifect on the arch would be similar to that due 
to temperature changes. 
Let 

A/ = change in span length measured at the left support in the 
direction of the force causing the same, i.e., negative for 
the increase of span lengthy and vice versd. 

H^ = horizontal reaction at the left support due to change in span 
length. 

Then, since 

by the same reasoning as before, we have 
_di 

from which 



^-"'(X't^X''^)-' 



"^~ f'fdc rf cos<l>dx ^^^' 



Neglecting the effect of axial stress, we get, 

^^ ^ 'Wfdc ^^'^ 

Jo ^ 

The effect of slight changes in the heights of supports is 
generally so small in this kind of arches, that it is un- 
necessary to take them into consideration in the calcula- 
tion of stress due to displacement of supports. 

PARABOLIC ARCH WITH TWO HINGES 

48. If we assume the cross-section of the rib to increase 
from the crown toward both ends in such a way that at 
any point 
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I ^ Iq sec <^, 
A ^ Aq sec ^, 

in which I^ and A^ denote the moment 
of inertia and the cross-sectional area 
of the rib at the crown, the calcula- 
tion of stresses in a parabolic arch- 
rib becomes considerably simplified. 
Thus, introducing in Eq. (86) the equa- 
tion of parabola with origin at -4 (Fig. 41), 




Fi«. 41 



N I 







4h 


xQ — x), 


anc 


1 remembering 


that 








dx — 


COS ^ dc, 




sin 4> dx ^ 


cos ^ dy. 


we 


get, 






H - 


, f r%^ 


I 

^7 





A h { r^ c ? I r* 

ITT § I o^{l—oc)dx-\-a I x (l—x) dx} — -j I cos^ if^dy 



w. 



-jfj— I x^(l — xy dx -j- -J- I cos^ ^ dx 



Since 



j'*x^(l - x)dx + a I x(l-x)dx= —{c?- 2a^l-\-P), 



cos^ 4>dy = „ , ^ j^ nearly,* 



P + i6h^ 



X2 76 

X'il-Xydx^^y 

cos* <^ (/:» = — <Ao, 



* Howe, Treatise on Arches. 
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e denoting the value oiy^ia\ and ^oj the inclination of the 
tangent at A to the horizontal. 
Putting 

A ~ ^ 
we get, 

H = -^ o^ ,„ -W . . (93) 

Neglecting the effect of axial stress, the terms contain- 
ing A disappear, and we get, 

^a(a^-2aH + n rrr , . 

== 8A/« py . . . . (94) 

49. For uniform temperature change / — positive for 
rise — by making similar substitutions as before in Eq. 
(89), since 

X / ~ IS /o ' 



X 

we get, 



i' cos^ <f> dc ^ P<l>o 
A ~ 4hAo 



^t = qT2 — nr (95) 



+ — *o 



8^ _« 
15 4/t 

Neglecting axial stress, similarly we get from Eq. (90), 

_ 15 tOhE 

^' ~sir ^^^^ 

50. For change in span length a/ — negative for in- 
crease — we get similarly from Eq. (91), 

_ EIAl .,. 

IS Ah 
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Neglecting axial stress, 



Ha = 



15 Elp^il 
ShH 



(98) 



CIRCULAR ARCH WITH TWO HINGES 



51. Fig. 42 shows the axis 
of a S)niimetrical circular 
arch-rib with uniform cross- 
section. 

In Eq. (86), making I and 
A constants, and putting 



A 



t p 




Fig. 4i 



we get 



I' 



xydc -\-a \ ydc — j' I sin ^ dx 
a = t- j^^^ ^^^ W. 

fdc -hP j cos <f> dx 

With designations as given in the figure, we have for 
circular arc, 

X = r (sin <^o — sin ^), 
dx = — r cos <^ (/^, 
y = r (cos <^ — cos <fe), 



(f c = 



dx 



= — r<f<^, 



cos <l> 
a = r (sin ^^^ — sin «^„). 

Substituting these in several terms of the expression 
for 21, and integrating, 
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— cos^ ^0 + cos <^o cos <^J, 

a \ ydc == 1^ (sin <^o — sin <^J (sin <^«— <;^. cos 4>^, 

sin 4>dx ^ - (sin2 <^j, — sin' <^,), 
2 

Jfdc = f* (i <^o — I sin <^o cos <^o + ^o cos' ^), 


I 
cos <l>dx = - (sin <^o cos <^o + ^o)> 

2 

we get, 

2 COS ^o(co8 4^a + ^ Sill ^ — COS ^o — ^0 sio ^o) + ( ' — "a) (sm* ^o — sin* ^) 

^ = ^ j-^ — »^.(99«) 

(*o — 3 sin *o CO* <^o + a *o cos* «^o) + ^ (sin ^o «» ^o + ^o) 

or, since 

. , I . r — h 

sm <^o = — 9 COS 6« = ; 

2 r r 

. , I — 2 a , r — /t + ^ 

sm <^a = , cos <^„= ; 

2 r r 



V ^ r - 2a' 
9o — — ' 9a = 5 



(r—h){2e + <l>a (l—2a)—<f>ol}+(i — ^j (/—a) a 

^ = 7 ^T ^ ^ • (99*) 

4(r-/^){<^o(/'-/^)-/}+fi +y{2r2<^o+(r-/^)/} 

Neglecting axial compression, we get, 

sin'<^o - sin'c^a + 2 cos <^o(cos <^„ + <f}„ sin <^^ — cos c^q - c^q sin <^o) ^ 

~ 2 (<j!>o — 3 sin <^o cos <^o + ^ <^o cos' <^o) 

(looa) 

or 

(r - fe){2 e + <^^ (/ ^ 2 g) - <^o/} 4- g (/ - g) ^ . ,. 
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53. Temperature Stress. — For uniform temperature change 
of / degrees, Eq. (89) may be written for constant / and A : 

tOlEI 
Ht= T, 1 



y^ dc + 2p j cos <f> dx 

Introducing in this the integrals already given, we 
obtain, 
jj iOm 

* ^i^o-3 sin <AoCOS <^o + 2 <^ocos2<^o) + fr (sin<^ocos <^o -h ^^o) 

or 

r[<Ao {r^+2 {r-hy + t^} - -(3 - y (r-/r)/J 

• Neglecting axial stress, we get, 
^ ^OlEI , , 

xi<= -jm : — J 7 — ; 1 o , V (102a) 

^ (<Ao - 3 si>^ <Ao cos <^o + 2 <^o cos2 <l>^) ^ ^ 

or 

„ ^«£i^ 

'" r[<Ao{r^ + 2 (r -/.)»}- f/(r-^)] ^'"^"^^ 

53. Displacement Stress. — For change in span length 
by A / — negative for increase of span length — we have 
from Eq. (91), 



Ha= 



I 
2 



y^dc + 2p j cos 4> dx 

«^o 



Making the same substitutions as before, we get, 

jj ^ EI^ ... no ^ 

^ (denominators same as for Ht) 
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SEMICIRCULAR ARCH 

54. In this, since 

we obtain at once from Eq. (99a), 

^ ^(^^ + ,-2) W (104) 

Neglecting axial compression, we get from Eq. (looa), 

^ = — ^r- ^ (105) 

55. For uniform temperature change t, we have from 
Eq. (loia), 

and for the same, by neglecting axial stress, 

^'^-ir^r- (107) 

56. For change in span length a/ similarly from Eq. 
(103) referred to Eq. (102a), we get, 

2 Em 

and for the same, with axial stress neglected, 

^A=-— 8- (109) 

FLAT ARCH WITH TWO HINGES 

57. When the rise of an arch is very small compared 
with its span length, we may put without material error, 

dc = dx. 

Assuming the cross-section of the arch to be uniform 
throughout, and putting as before 
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a"' 

Eqs, (86), (89), and (91) may be written as follows: 

a la' 

j xydx + a j ydx — P j sin ^ dc 

H - '-^ J ^ j^-^ W . (no) 

I y^dx + P j cos <l> dc 
H.- '.^ . . . .(in) 



Jy^dx + P I cos <^ d/c 
*/o 



H^.^,, M^, . . .(112) 



J' y^ dx -\- P j cos <l> dc 
*^o 



FLAT PARABOLIC ARCH WITH TWO HINGES 

(Uniform Cross-Section) 

58. For this, we have but to introduce in Eq. (no) 
the equation of parabola 

4h 
P 

Vil 



y =^ -wxQ- x), vv 




to obtain expression for H due to any 
load W (Fig. 43). Integrating the terms 
of the equation severally, we have, wg. 43 

J xydx + a I ydx = —5 (4 ^ — 3 «) + A? (^ — ^ «*^ + 4 «^> 
«/a 3^ 3^ 

sin Jc " e, 




I 



rfdx='-^. 

Jo 15 

I 

cos <hdc = —9 
2 
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SO that 

'^^ii - a) {P + al - a^) - e 



15 f2 2 

Neglecting e as being inconsiderable in comparison with 
other terms of the numerator, we obtain, 

r (8 /^^ -j- 15 j^) 
Further neglecting the effect of axial stress, we get, 

H^ SaQ-anP + al-a') ^ .... .(115) 

59. For a uniformly distributed load of w per unit 

length of the span, we obtain, 
by substituting wda for W in 
^B the preceding equations, and 
Pig ^ integrating between given limits 

of loading, the equation for 
H. Thus, referring to Fig. 44, we have, from Eq. (115), 

^^ p S a jl-aW-^al-aX ^ ^ a^ (5 P- Wl + ^ a.') w 
Jn 8/7r 10 hr 




♦> 



By taking moment at jB, 

fli (2 / - fl J ^; 

^^ = ^7 

For full uniform load, 

H = ^-y approximately, 
o h 

60. Temperature Stress. — Introducing inEq. (iii) the 
equation of parabola, and integrating as before, we obtain, 

g.-o,y -jr'^[. ■ -("7) 



ShH , ,, 8A' + i5t' 



IS 
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Neglecting axial stress, we get, 

61. Displacement Stress. — For a change of A/ in span 
length — negative for increase of the latter — similarly 
we get from Eq. (112), 

and for the same with axial stress neglected. 



_ -sEm (,,^) 



^^~ ShH 



FLAT CIRCULAR ARCH WITH TWO HINGES 

62. Since a circular arc with comparatively small 
versed sine closely follows parabolic curve, the formulas 
deduced for parabolic arches (Eqs. 11 3-1 20) may be used 
for this kind of arches without appreciable error. 

SPANDREI^BRACED ARCH WITH TWO HINGES 

63. The foregoing formulas are generally inapplicable 
to a spandrel-braced arch, owing to the lack in the latter 
of definite form in its axis and the irregular variation of the 
moment of inertia of its section. As the only statically- 
indeterminate force in this case is again H, in order to 
find the value of the latter which will make o) a minimum, 
it is simply necessary to find stresses in each member in 
terms of H and other external forces, and obtain. 



-=2 



2AE' 
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extending the second member over the whole structure. 




Fig. 45 



Fig. 45 shows the left half of a symmetrical spandrel- 
braced arch. The following designations will be used: 

5o, ^1, etc. . . the lengths of vertical members, 
(/j d^ t etc. . . the lengths of diagonal members. 

a the horizontal panel length. 

ftj ftj, etc. . . . the lengths of lower chord-members. 
A the sectional area of a member, with suffix cor- 
responding to the members to which it pertains. 

If we assume, in the first place, the arch to be loaded 
with two equal loads of W each, distant na from each 
end, we obtain the following stresses for the case n = i 
by taking moments at successive sections, the arm-lengths 
being designated as shown in the figure: 



We,-Hs^ 









WEB-MEMBERS 


AB 


= 


-W + 


a 


H- 


BC 


CD 


= 


We,- 
'2- 


■Hso 

- a 




DE 


EF 


^^ 


Wa- 


■Hs, 




FG 



Cz— 2a 



Wa- Hs. 

z 

A 

/. 
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CHORD-MEMBERS 



h ^ 



2 



pjj ^ Wa - H (sq- Ss) — ^ Wa-Hs^ 

Si hz 

Introducing these in the expression for total internal 
work, we get, 

S^'L 2 J/ ^0-^1 rxV ^0 , (We,^Hs,y s, 

2AE^e\\ "^ "^ a ^)2A^^ (e^-ay 2 A^ 

^ fWa^Hs^s, ^ f We,^ Hs^ d, ^ fWa - Hs, ^ d, 
\ei-2a/2A^ \ /i /2A^ \ f^ J 2 A^ 

^ fWa - Hs,V d, ^ /Hs,y _^_ ^ / Wa - Hs,\ b, 

\ hz I 2A^ \ s^ ) 2Aia 

^ nVa--H(so-s,) V a ^ /Wa - H (s, - s,)y a 

\ S2 J 2A^ \ ^8 / 



2^/*J 



>• 



Differentiating this with respect to H, and setting the 
differential coefficient equal to zero, we at once get, 

+ 7 CT~: r 7 r;-^ — r 7=r"i — r 



M 



^ g^gft fe •- fl)Mcd (eg - 2 a)M^ ' /^Abe s^A 

+ 7- ^TT- H- 7" N-» X +i-T:i — h 



fl'^a6 (e2--a)Mcd (e8-2a)M^^ h^Aa^ f^A^ 

^2^^« ^^d«> ^2^^«y ^'^^ /s'^/g V^/* yyr 
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which is the value of H for 2 W, so that H ior iW will 
be one-half the amount given by this equation. 

In a similar manner we obtain in the arch of this type 
with any number of panels^ for i W the following expres- 
sion for H : 



pa^SQ-s) , pas^b , esoS . eso^) (^o—s^ 









s'Au ' hJ'Ai {e-pafA^ 



7i \ s^A^ h^Aj (e — pa] 



+ 



nas^ 



\rA,y a'A^ 



W . (121) 



in which p represents, in case of chord-members, the dis- 
tance — in number of panels — of the panel point oppo- 
site the member under consideration, and in case of web- 
members the ordinal number — from the nearest support 
— of the upper chord opposite the web-member in ques- 
tion. Thus, referring to Fig. 45, we find for DF, EG, 
EF, and DE, p = 2. 

i4„, i4„i4v,andi4rf= cross-sectional areas of the upper and lower 

chords, verticals and diagonals respectively. 

e . . . . =s distance from the support — nearest to the 

member — of the intersection of the lower 
chord-member opposite the web under con- 
sideration with the upper chord. 

It is further understood that 2 is to be extended over the 
loaded half of the arch only. 
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64. Eq. (121) gives mathematically correct results so 
long as the supports are perfectly immovable, and is ap- 
plicable when dimensions of all the members of the arch 
are given. For designing an arch of this kind, the cal- 
culation may be started with following approximations : 

Assume each chord to be of uniform cross-section 
throughout its length, ahd let 

Au 

Further, neglect the effect of web-stresses, which is gen- 
erally inconsiderable when compared with that of chord- 
stresses. Then we get from (121) the following approxi- 
mate expression for H, freed of all the cross-sectional 
areas of members: 

X*^ ^ pa^ (sq—s) pasjb I y ^ na^ (sp—s) nasj) ) 
) ^^ nth? \ ^ ) ^2 "^ ^U} i 

H = -^ _J!±_1 — 5^J £ "^^^LJlw. (122) 



7 



^So^b , (so — sya 



'?^^ + 



With H obtained with this equation, the dimensions of 
all the members may be calculated, and then corrected, 
if desired, by the use of Eq. (121). Generally, Eq. (122) 
by itself gives results sufficiently correct for all practical 
purposes. 

65. Temperature Stress. — The internal work caused 
by Ht in the arch of Fig. 45, neglecting the effect of web- 
stresses, will be, 

in which A represents the section of upper chord, and mA 
that of the lower. 
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Since 
we get, 



dH] 



^tei, 



teiEA 






So\, So% (so—s^ya , (so—s^ya. (So—s^ya 






m/tj^ 



/ being as before positive for rising temperature. Gen- 
erally, for any number of panels we get in a similar manner, 

tOlEA 



H,= 



2 






'b . (^o-sy 



+ 



-"} 



(123) 



66. Displacement Stress. — From the preceding discus- 
sions, it will at once be seen that for a change in span 
length, of a/, we have but to substitute a/ — negative for 
increase of span length — for W/ to obtain an expression 

for i?A, so that we get, 

£AA/ 



Ha^ 



2 



Sp^b ^ fa - s) 



2 



-"} 



• • 



(124) 



THE STRESSES IN FLANGES AND WEBS OF A RIB 

67. Knowing V^ and H for 
a given loading, the stresses 
in the flanges and web of a 
parallel rib may at once be 
obtained statically. Thus, at 
a radial section through any 
point X, y (Fig. 46) of an 
Fig. 46 arch-rib, let 
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F' = the upper flange stress. 
F'^ = the lower flange stress. 
D — web'Stress. 

d = rfj + (^2 = distance between centres of gravity 
of upper and lower flanges. 

Taking moment with respect to the point x^ y m the 
axis of the rib, we have, 

X 

V^x-Hy-^W (:)c - a) + F% - F'% = o, 



from which 

X 

F'^d^- F^'^VyX -Hy-^W{x - a). 


But 

F" + F' = AT = - (7 sin <^ 4- il cos ^) (Art. 43). 

Combining these two equations, we get, 

/r"=, iJFi5f-i/3'-2jW^(^-«)-(^sin<^-h2?cos^)(/i \ (125) 

F' = - ^ j V^x-Hy-^W{x-a)^-{y sin <^+H cos 4,)d^ \ (126) 

di = d2, 

i.e., if the section of the rib is symmetrical about the 
neutral axis, 

F" = 2\v^x-Hy-^W(x-a) ^- - (Fsin<^+i7cos<^) > (127) 
F'^-^-<V^x-Hy-^W(x-a)W-^(Vsm4,+Hcos<l>)\^^ 

In case the chord-members are curved between two 
panel points, the direct stress thus found must be com- 
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Fig. 47 



bined with the moment equal to the direct stress multi- 
plied by the versed sine of the panel arc. 
Again, since at the section 

D cos p = T= — (V cos <l> — H sin <l>) (Art. 43), 

D = —(7 cos <!» — H sin <l>) sec fi . . . (129) 

3n which /3 represents the inclination of the web-member 

to the radius of the arc at 
the section. 

In case the chords are not 
parallel, the stress in any 
member is best obtained by 
taking moment with respect 

to the intersection of the other two belonging to the panel, 

as in the case of spandrel-braced arch. 

POSITION OF LOADS FOR MAXIMUM STRESS 

68. For finding the position of loads to give maximum 
stress at any point of the arch, reaction locus may be made 
use of with advantage. 

Let 

R = reaction at A due to any load W- 
V^ = vertical component of R. 
H = horizontal component of R, 
k = ordinate to the locus of R. 



Referring then to Fig. 47, it will be seen that, 



k^^a 



(130) 



which makes the locus at once determinate. 

69. Having the locus drawn, the mode of loading giv- 
ing maximum moment with respect to any given point of 
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Fig. 48 



the rib may be laid oflf , remembering that R passing above 
the point produces + moment, and that below, — mo- 
ment. Thus in Fig. 48 it will be seen that the stress in 

any member EF 

c 



will be maximum 
when the moment 
with respect to 
point O reaches its 
greatest amount. 
The curve CKGD 
being the reaction locus, a load at G will produce no 
stress in EF, for then the reaction passes through O. 
For loads to the right of G, by considering . the por- 
tion of the rib left of O, it will be seen that the mo- 
ment of R being — , the stress in EF will be tension, while 
for loads to the left of G, by considering successively 
the left and right portions of the rib, the moment with 
respect to O being positive, EF will be in compression. 
For loads beyond K, considering the right portion of the 

arch, the moment of 

-h 4< J right reaction with 

respect to O being 
negative, EF will 
once more be in 
tension. 

Similarly, for 

maximum stress in a lower chord-member, the reaction 

line drawn through the panel point opposite the member 

will give the mode of loading. 

70. For maximum stress in a web-member generally. 




Fig. 49 
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the reaction line is to be passed through the intersection 
of chord-members belonging to the panel to determine the 
limits of loading. In case the chords are parallel at the 
panel, since the web-member will not then be strained 
when the direction of the resultant force coincides with 
that of the chords, the position of load, for no stress in 
the web-member, is given by drawing the reaction line 
parallel to the chords, or to the tangent to the curve. 
Thus in Fig. 49, point M is the position of load producing 










Fig. 50 



no stress in //. Another position of load for no stress 
in // is at L directly over the section, — a point which 
will be evident by considering alternately the right and 
left of the section with its respective reactions. The 
signs of shear, and, with them, those of the stress in the 
web-member due to loads between the points of no stress, 
will at once be known by referring to Art. 43. 

Example. — In the circular plate-webbed arch with two 
hinges, of which Fig. 50 shows its left half, to calculate the 
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maximum stress in the rib at panel point 3, due to following 
panel loads : 

Dead load = 20 tons per panel. 

Live load =10 tons per panel. 

The following dimensions are given : 

/ = 250 ft. 
r = 200 ft. 

*o= 38° - 40' - 56" = .67514. 
Panel length = 15.625 ft. 

Cross-section uniform and symmetrical throughout, 

-= .00019. 

Effective depth (dist. of c. g. of flanges) = 6 ft. 

The distances of the points of application of loads, etc., 
are as follows : 



« (ft.). 


e (ft.). 


^(circ.meas.). 


<^-(/-aa). 


a{l-a). 


{^-'^)<l-a). 


15-63 


11.32 


.57863 


126.58 


3662 


3661 


3I-25 


20.54 


.48788 


91.48 


6836 


6835 


46.88 


27.99 


.40114 


62.68 


9517 


9520 


62.50 


33.86 


.31782 


39.73 


II719 


II716 


78.13 


38.31 


.23658 


22.18 


13428 


14646 


93.75 


41.42 


.156S9 


9.81 


14648 


109.38 


43.26 


.07831 


2.45 


15381 


15378 


125.00 


43.88 


.00000 


0.00 


15625 


15622 



In Eq. (99*), 

(r - h)\2e + ft>S - 2a) - *c/| +(i - ^ (/ - a) a 



H = 



4(r-/t){<^o(r-/i)-/}+(i + ^!){2r2<^o+(r-/t)/} 



W. 



Introducing the numerical values in the numerator, the de- 
nominator being 
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4 (r-h){<k (.r-h)-l} + /i + p) {2 t»<l>, + (r - A) /} = 2766, 
we get for W = i the following values of H : 



Load at 


1 


2 


8 


4 


5 


6 


7 


8 


If~ 


.2189 


.4263 


.6118 


.7737 


.9027 


.9971 


1.0546 


1.0739 



For the dead load we have then, 

Fj = 7i X 20 = 150 tons, 

Zr= 2 X 20 (.2189 + .4263 + .6118 + .7737 +.9027 H- .9971 
+ 1.0546 + .5370) = 220.88 tons. 

Drawing the reaction locus, and passing reaction lines 
through E and F, — the centres of gravity of upper and lower 




Fig. 5« 



flanges at 3, — we find (Fig. 5 1 ) that all loads lying to the 
right of C produce negative moment with respect to E and 
hence compression in the lower flange; while for similar 
reason all loads to the left of D produce compression in the 
upper flange. 
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By drawing AM parallel to the tangent to the axis of 
the rib at 3, and passing a vertical through E, we find 
that the loads between L and M produce positive shear in 
the section £F, and those outside of LM, the negative shear. 

The amounts of H for the positions of the live load found 
above are : 




^-22* 59' 35*^ 



Fi«. 59 



For the live load covering A — D, 



ff = 



ii (15 + 14 4- 13 + 12 + II + 10) = 46.88 tons. 
10 (.2189 + • • • .9027 + 1.0546) = 39.88 tons. 



For the live load covering C — B, 



^1 = 



For the 

H = 

For the 



^t = 



H^ 10 



18- (i + . . . 10) = 34.38 tons. 

10(2(1.0739 + 1.0546 +.9971) + .9027 + . . ..2189} 

91.85 tons. 

live load covering A — L and M — B^ 

U (i + • • • 7 + 14 + 15) = 35-62 tons. 

io{2(.2i89 + .4263) + .6118 + • . • 1.0546} = 56.30 tons. 

live load covering L ^ My 

is (8 + 9 + 10 4- II + 12 + 13) = 39.38 tons. 
10 (.6118 + • • • 1.0739) = 54.14 tons. 
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At the neutral axis under the panel point 3, we have 



X = 46.88 ft. y — 27.99 ft 

sin <^ = .3906. cos ^ = •9336. 



^ = 22*'59'36''. 



Substituting these values in Eqs. (127) and (128), we get 
for the total stress in flanges at 3 : 

^'= 1(184.38 X 46.88 - 312.73 X 27.99 - 20(31.25 4- 15-63) 

- 3 (184.38 X .3906 + 312.73 X.9336)} = - 356.38 tons. 

•^' = — i J 196.88 X 46.88 — 260.76 X 27.99 — 30(31.25 -f 15.63) 
+ 3 (196.88 X .3906 4- 260.76 X .9336)} = — 247.62 tons. 

As to shear acting in the normal section at 3, we have 
(Art. 43)> 

Fcos <^ — ZTsin <^ 

= (150 + 39-38 — 2 X 20) .9336 — (220.88 + 54.14) -3906 

= 32.04 tons for maximum. 

= (150 + 35-62 - 2 X 30) .9336 — (220.88 + 56.30) .3906 

= 9.01 tons for minimum. 

Had we neglected the effect of axial stress in the preced- 
ing calculation, Eq. (100^) would have given for H^ 



Load at 


1 


S 


3 


4 


6 


6 


7 


8 


H^ 


.2206 


.4295 


.6164 


.7794 


.9095 


1.0046 


1.0625 


1.0811 



So that we get for dead load, 

^= 150 tons, 

Zr= 20 X 2 X 5.5630 = 222.52 tons ; 

and for live load covering A — D^ 

V^ = 46.88 tons, 
H= 39.60. 
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Substituting these values in Eq. (128), we get for maximum 
compression in the upper flange at 3, 

J^= — ^{196.88 X 46.88 — 262.12 X 27.99 — 30 (31.25 + 15.63) 
+ 3 (196.88 X .3906 + 262.12 X .9336)} = ~ 241.91 tons. 

It will be seen from these calculations, that the effect 
of neglecting axial stress, while producing a difference of 
less than 0.8 per cent in the amounts of JH", is more 
strongly felt in chord-stresses, in which the difference, in 
the case taken, amounts to more than 2 per cent. 



._ -er- . 

Ci* -E" — -^G 



8x15'- 



->I 




Pig. 53 



Example. — In the spandrel-braced arch of Fig. 53 with 
dimensions as tabulated below, to calculate the maximum 
stress in a member FH due to the following panel loads : 





Dead load . 


. 16 tons per panel, 




Live load . 


. 20 tons per panel. 




Lengths of members and arms in feet : 






*. 


d. 


b. 


«. 


h. 


/' 


I 


18.7 


239 


17.1 


48.8 


23.6 


38.2 


2 


13.2 


20.0 


16.0 


66.0 


17.6 


337 


3 


1 0.0 


18.0 


15-3 


91.9 


12.9 


344 


4 


9.0 


17.5 


15.0 


195.0 


1 0.0 


L , 77.1 

* 



t> ■> 



lOO 
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Assuming m == 2 (Art. 64), we have in Eq. (122) : 





Panel. 

EG 
GI 
IK 


^pa'is^-s) 


\ na^ (So - s) 


"Spas^ 


I 

5 «« Sq^ 


II.I9 

19.37 
33-5i 

54.68 


1 (^0 - s?<^ 


N4 


s^ 

5.34 

* • . 

• • • 

. . • 


• • • 

17.8* 

38.25 

50.00 


*>*' 


na tnk^ 


2.96 
16.40 

43.35 
60.00 


II 


• • • 

• • • 

• • • 


10.46 
18.62 

30.38 


•s 
3 


2 


5.34 


106.07 


• • a 


59.46 


118.75 


122.71 




rr _ 5-34 + 106.07 + 59.46 
^^""2(118.75+122.71) "-350 




^(? 
GI 
IK 


5.34 
35.64 

• • • 

• • ■ 












il 


• . • 

76.50 

100.00 


10.46 

• • • 

• • • 


• • • 

37.24 
60.76 


• • • 

• • t 

• • • 


• . . 
... 


^3 


S 


40.98 


176.50 


10.46 


98.00 


118.75 


122.71 


(« 

^ 


^, = 325.95 ^ 675 
^ 482.92 *' 




CE 

EG 

GI 

IK 


5.34 

3564 

114.75 

• • • 














• • • 

• • • 

150.00 


10.46 
37.24 

• • * 








II 
S 








91.14 


• • • 


• • • 


2 


155-73 


150.00 


47.70 


91.14 


118.75 


122.71 


(4 


ff _ 444.57 _ 
^« 4«2.92 -9^' 




GI 
IK 


5.34 
3564 

114.75 
200.00 












II 


• • • 

• • • 

• • • 


10.46 

37.24 
91.14 


• • • 

• • • 

• • • 


• . t 
... 


. . • 
• • * 
. • • 




Z 


355.73 


• ■ • 


138.84 


• • • 


118.75 


122.71 


CO 

.3 


r^ 494.57 ,^,, 

: ; -"4"* ^~5 = 1.024 

. •* : * 482.92 
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For the dead load we then have, 

V[^ i6 X 3J = 56 tons, 

Zr= 16 X 2(.356+. 67s + .921 +.512)= 78.85 tons. 

Drawing the reaction locus and then the reaction line 
through G (Fig. 54) to the locu3, we see that all loads to the 
right of L will produce compression in FH^ while those to 
the left, tension. 




Fig. 54 

For these positions of the live load we have, 
Live load covering C — G^ 

K=^(7 + 6) = 32.50 tons, 
If=: 20 (.356 4- .675) = 20.62 tons. 

Live load covering I — B, 

^1= V (I + 2 + 3 + 4 + 5) = 37-S tons, 

If= 20 (.356 + .675 + .921 + 1.024 + .921) = 77.94 tons. 

Taking moment with respect to G, we obtain the following 
extreme stresses in FIf: 



Max. FH^-— {(56 + 37.5) 30 - (78.85 + 77.94) 27 - 16 X 15} 



12.9 
— 129.33 tons. 
I 



Min. FH^ {(56 4- 32.5) 30 — (78.85 + 20.62) 27 — 16 x 15} 

=3— 43-47 tons. 
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Suppose now that the following cross-sections (in sq. in.) 
of the members are given : 



Panel. 


Upper Chord. 


Lower Chord. 


Diagonals. 


VerHcalA. 


CE 


6 


28 


7 


6 


EG 


9 


23 


7 


10 


GI 


15 


17 


7 


9 


IK 


17 


17 


5 


7 



Then in Eq. (121), 



H = 



( 



pa\Sfr-s).p€Utfi. esns 



s^A^ 



■f 



k^Ai ' {fi—pd)^A9f^Ai,\ ' aAah 



«o^ ) , (Jq— JtVo I ji ( «<»*(Jo— j) I «<»Jo^ I wajpj , »K«o</ | 



+ 



^?r 



j2^. 



A*^* ' (*-A»)»A ' /2^ 



'm^nAiS 



•W 



t 
\ s^Au 



»s 



^A^Ai'^if-^y^Aw'^/^Ad J "^ 






we have, 



E(?r Denominator 



Panel 


1 

s^A^ 


1^^ 
h'-Ai 


1 

{e-pa^A, 


1 V^ 


aUac 


CE 
EG 
GI 
IK 


•49 
1.82 

2.89 
3-53 


.80 
1.64 

3-94 
6.43 


1. 19 

.83 

.47 

... 


1.70 
1.83 
1.58 

•43 


• • • 

• • • 

• • • 

• « • 


S 


8.73 


12.81 


2.49 


$•54 


1.38 



Denominator = 2 (8.73 + 12.81 + 2.49 + 5.54 + 1.38) = 61.90. 
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/or Numerator 







0. 


'TJ 






ft 


ft 










• 


•• 
1 

\ 




1 
1 


» 


15 


i5 


? 


! 




'^ 


2ho 


-E 




8 






8mo 


~«H 1 






Iho 


~irH 8 










CE 


.89 


• • • 


• • • 


• • • 


2.16 


• • • 


3-10 


• • • 


• • • 




EG 


• • • 


1.98 


• • • 


.91 


• • • 


.46 


• • • 


1.02 


• • • 




GI 


• • • 


2.55 


• • • 


2.19 


• • • 


.26 


• • • 


.88 


• • • 


H 


KI 


• ■ • 


2.94 


• • • 


3-57 


• • • 


• • • 


• • • 


.24 


• • • 


K 


2 


.89 


7.47 


• • • 


6.67 


2.16 


.72 


3 10 


2.14 


2.49 












-, 2«>.64 
























J 


^l- 


-61 


.90 


** 


414 



















CE 


.89 


• • . 


• • • 


• • t 


2.16 


• • • 


3.10 


• • • 


• • • 




EG 


3-96 


• • • 


.91 


• • • 


2.02 


• • • 


4.48 


• • • 


• • • 




GI 


• • • 


5.10 


• • • 


4.3« 


• • • 


•52 


• . • 


1.76 


• • • 


II 


IK 


• • ■ 


5.88 


• • • 


7.14 


• • • 


• • • 


. • • 


.48 


• > • 


« 


2 


4.85 


10.98 


.91 


11.52 


4.18 


.52 


7.58 


2.24 


2.49 

• 










H, 


45.2 
61.9 


^•" 


2 











CE 


.89 


• • • 


• • • 


• • • 


2.16 


■ • • 


310 


• • • 


• • • 




EG 


3.96 


• • • 


.91 


• • • 


2.02 


• • • 


4.48 


• • • 


• • • 




GI 


7.65 


• • • 


4.38 


• • • 


I.61 


• • • 


540 


• ft • 


ft • • 


II 
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24.26 


• • • 
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With these values of Hy we get for dead load, 

Zr= i6 X 2 (.414 + .732 + .958 + .496) = 83.20 tons, 
^1= 3i X 16 = 56 tons. 

For live load covering I — By 
H =^ 20 (.414 + .732 + .958 + .992 -h .958) = 81.08 tons, 
^1= ¥- X15 = 37-5 tons. 
Taking moment at G as before, we get for the maximum 
stress in FHy 

{(56 + 37-5) 30 — (83.20+81.08) 27— 16 X 15} = — 144.96 tons. 

1 2.9 

Comparing the values of H obtained by the use of Eqs. 
(121) and (122), it will be seen that the neglect of web- 
stresses and the assumption of uniform chord sections 
have led to no appreciable error, the difference being about 
4 J per cent; but its effect is more strongly felt by indi- 
vidual members, as shown by a comparison of maximum 
stresses in EF^ the difference of the latter amounting to 
more than iq per cent. 

BALANCED ARCH WITH TWO HINGES 

71. In a balanced arch, such as shown in Fig. 55, with 
independent span at each end, the method of calculating 
reactions does not differ in general from that explained 
in the case of spandrel-braced arch, the main difference 
being that in the present case V^ and H will be -I- or — 

according to modes of loading. 

Example. — In the symmetrical balanced arch of Fig. 55, 
to calculate Hy V^ and Fg due to a uniform load of 1.5 tons per 
ft. run covering the whole of the left arm. 

Since the left cantilever arm is loaded at its end with 

4S + 22.5 = 67.5*, 
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by taking moments at A and B we get, 

— 67.5X 60 — 45X 30 — ^2X240=0. ^ = — 22.5*. 

- 67.5 X 300 - 45 X 270 + r^ X 240=0. ^1 = + I3S-0*. 

Neglecting the stresses in web-members, we have — bjr 
taking moments at successive sections — the following stresses, 
which, with given lengths and cross-sectional areas of mem« 
bers, give the corresponding works of resistance in chord- 
members : 



Panel. 



o 

u 

u 
o 
a 
a 



o 



(I 

II 

III 

IVy V 
VI 

VII 

win 
(I 
II 
III 

IV 

V 

VI 

VII 

VIII 



s. 

(tons.) 



102.7 + —^ 
23 

I19.I +— ^ 

130.0 + — ^ 
13 

112. 5 +-5-^ 
3 

78.0 + 19^ 
13 

40.0 + ii^ 

14.7 +^ir 
-(„..5 + E^) 

- (126.6 + 2 11) 

-(x30.o + g^) 
-(77.9 +g^) 

— (42.2 + 2 If) 

-^^ 

55 



A. 
(sq. in.) 


L. 
(it.) 


20 


30 


2S 


30 


28 


30 


30 


60 


28 


30 


25 


■30 


20 


30 


55 


35 


55 


33 


52 


31 


50 


30 


50 


30 


52 


3« 1 


55 


33 


55 


35 



2AE 



102.7 + 
1 19. 1 + 



30 



23 J 40JS 

17 / 50^ 



13 / 56^ 

. 5 rrV 60 

78.0 + 12^ y 3?^ 

13 y 56 ^ 

40.0+li^Y^ 
17 / 50^ 

14.7 +^^y^ 

23 I 40 B 

98.2+^^7?-^ 
55 /iio^ 

112.54-—^)-^ 
^ 21 }iioE 

126.6 + 2^y-j^ 
/ 104^ 

13 / lOO-ff 



42.2+ 2Zr 

16.I+ 2?//- 



\' 31 



104-ff 



i' 33 



21 



lions' 



( 



64^ V 35 

55 



1 10^ 
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Summing up all the terms of the fifth column, and differ- 
entiating the sum with respect to if, and setting the differen- 
tial coefficient equal to zero, we get, 

i/ = - 56.5'» 

showing that the horizontal reaction is directed opposite to 
that shown by the arrow at A. 

For loads in the central span, considering the side 
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spans to be weightless, the calculation of H and V is ex- 
actly the same as explained in Art. 63. 

H will, therefore, be positive — i.e., acting toward 
right — or negative according as the central or side span 
is loaded. 

TIED ARCH WITH TWO HINGES 

72. In the tied arch the horizontal thrust is taken up by 
the resistance offered by the tie. It has an advantage of 
the absence of stresses due either to changes of temper- 
ature or displacement of supports. Figs. 56 and 57 show 
arches of this kind. Representing by At the cross-sec- 
tion of the tie, we have for the work of resistance in the 

same due to ff, 

IPl 

2AtE' 
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This, then, is to be included in the expression for the 
work of resistance. 

In the case of arch-rib (Fig. 56), referring to Art. 45, we 
get, after differentiating <o with respect to H, the following 
equation of the latter for one load W: 

'xydc ry^ _ psinjW^ 

(131) 




r^'xydc rydc _ psi] 

I c/ft / Ja* I Jq 



fdc n COS <l> dx I 



W 



2 At 




Pi«. 56 



Pl«. 57 



And in the case of spandrel-braced arch (Fig. 58), from 
Art. 66, we obtain similarly. 



^i~'^Al 'A2^« '(*-A»)M,"V2^rfj I aA^ "^-^i s^Au ' AMI ' U 









IV 



(132) 

The effect of introducing the tie, on the amount of H^ 
becomes conspicuous with diminished rise of the arch 
and increased moment of inertia, as will be seen in the 
case of flat parabolic arch, for which we have, from Art. 
58, the following approximate equation for H due to 
one W: 



("-&0 



io8 
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Example. — Taking the circular arch of Fig. 50, given as 

an example in Art. 70, and 
I -69000 IN/ adding to the same the hori- 
zontal tie with a cross-section 
8Q. IN, of 50 square inches (Fig. 58), 
to calculate the stress in the 
tie, due to a uniform load 
of 20 tons per panel. 
Transforming Eq. (131) according to Art. 51, we have for 
the circular arch, by neglecting axial stress, 

(r - h) {2 g 4- <^ a (/ - 2 g) - jf^J) + a(l - a) ^ 




Fig. 58 



iJ- 



2<l>o{r' + 2(r - hy}- 3l(r - h) + 



2 II 
Atf 



Referring to the data of the previous case, the denominator 
in this case equals 

2 X 59,000 X 250 



2748 + 



= 2768; 



50 X 200 X 144 
and since we have for the numerator as before, 

20 X 30^57^ = 611,560, 
we get 

„ 611,560 

H = TS— = 220.04 tons, 

2700 

which is the stress in the tie. 
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73. In this class of arches, since ends are fixed, there 
will be moments produced at these points whenever the 
resultant forces do not pass through them. Here we 
have, then, two more statically-indeterminate forces th^n 
in arches with two hinges. 

Fig. 59 shows a symmet- 
rical arch-rib Joaded. verti- 
cally with W. ^ 

Let M^ aird If 2 represent 
moments ai- A arid B re- 
spectively. "^ For -all other 
designations, retaining those of the preceding chapter, we 
have, since the loading is vertical : 

H - H'= o, 

For moment at-any point distant x from A, we get, 

m= M^-\- V^x — Hy, for x <a, 

fn = M^-\- VyX — Hy -r- W {x — a)^ ior x > a\ 

for vertical shear, 

V = V^ ioT X < a, 

V=V^-Wiorx>a; 

and for the normal stress in the rib at x (Art. 43), 

N=- (V sin4> + H cos <^). 

Since the internal work in the arch-rib is generally 

(Art. 44) 
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'N^dc 



Jo 2 EI Jn : 



2AE 

substituting in this, the values of m and iV, we get, 

"^ Jo 2 EI ^Ja^ 2 EI 

r'^' iV.sm <l>-{-H COS il>ydc n' {(V,- W) sin il> -\-H' cos il>ydc 

Jq 2EA J a' 2EA 

Since H, M^ and V^ must successively make © a mini- 
mum, we get for 

(fcD (fci> (/q) 

the following equations: 

These equations will give all the required values of 
Af 1, if, and Fj, as soon as the form of the arch and mode 
of loading are known. 

As to Af 2 and Fj we have, 

Mj = Ml + V^l -W(l- a), 

74. For obtaining expressions for H and M^ only, it 
will be more convenient to assume two symmetrical loads 
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(Fig. 60), as done in the case of two-hinged arches. De- 
noting the horizontal and 
vertical reactions and mo- 
ments at A due to 2 W^ by 
H', V, and M', we get, 

M' = Ml + Mj, 

in which H^ M^, M^, F^, 
and F2, denote the reac- 
tions and moments due to one W, as before. 

Referring to the figure, we have for the total internal 
work in the arch, 




Fig. 60 



*) = 2 I -^ — 

Jf*a' 




+ Wx-Hyydc 

2 EI 



+ 2 






■\-Wa-H'yydc 



2 EI 



{W sin <^ + i?' cos «^)2 dc 



2EA 



J a' 2 EA 



dc 



whence for 



(/ci) J dm 
- = o, and = o. 



we get, 
I' 



dH 



V 



-X'f-a^^x 



dM' 



cos^ <\> dc 



) 



V 

1 



+ 



■^(X'^-r^-r- 



sin <^ cos ^ (i^;' 



)- 



/' 



(136) 



(137) 



-X'^-X'^^-(X'x-/;f)-»• ■ 

75. Temperature Stresses. — A uniform temperature 
change of t degrees would produce a change of tOl in the 
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span length of the arch — denoting the coefficient of 

expansion — were the end of 

the latter free to slide. Des- r\yr^ 

ignating by ^^VsT 

H, and Mt (Fig. 6i) ^*- *' 

the horizontal reaction and moment at A due to a tem- 
perature change — positive for rise — we get, 

~^1 2IE "^Jo 2AE 



CD 



Since, according to the theorems of Castigliano (Art. 6), 



dH, ' dM, 

we s[et 

C -M,ydc+H,y>dc , r''H,cos^^dc ., 

X IE +Jo AE = ^^' 

r'' (M. - H.y) dc ^^ 

from which 

H, '^ ^.nr:^- • (X38) 



/ n-yd^ 

P'fdc C' cos 4>dx \Jo // 

J, / J« A n-dc 



n'ydc 
Jo I 

76. Stresses Due to Displacements of Supports. — The 
supports may sometimes )deld to a certain extent, pro- 
ducing changes in their relative heights as well as the 
central angle and the span length of the arch. 
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Representing by 

Ma, Vj^y and H^j 

the moment and the vertical and horizontal reactions at 
the left end of the arch, caused by such displacements, 
we get for the internal work in the arch, 



<i> 



^ C^ \M^ 4- V^x - H^yY dc f^' jH^ cos <l> + Fa sin <l>ydc 
~Jo 2 EI J„ 2 £.4 



77. Let Ay = change in relative heights of supports 
— measured at the left support in the direction of the 
force, i.e., negative downward. Then, since the force 
acting through Ay is Fa only, according to the theorem of 
Castigliano, we have, 

rfctf 

= A>f, 



dm 
Ml 

dio 



dMi 

whence we get. 



= o, 



= o: 



Mjy+vJJ'^-H.fJf^o .... (140C) 

78. Next, let A<^ = total change of the central angle 
of the arch — measured at the left support in the sense 
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of the moment, i.e., positive for the decrease of the cen- 
tral angle. Then, for similar reasons as before, we have, 

dim 



dto 
Ml 

dia 

whence, ^ 



= A<^, 



= o. 



= o: 



TT I C^'xydc r^'sin <^ cos ^dC\ , . 

-"^nJo ~-i — -A — ^)=° • (^^'^> 

79. Finally, let A/ = total change in span length — 
measured at the left support in the direction of the force, 
i.e., positive for the decrease of the span length. 

Here we have, 



dUi, 

dio 
dVl 
dti} 
, dMj^ 

whence. 



= A/, 



o, 



= o: 
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„ / h'xydc r ''sin <l> cos <l>dc\ , ^^ 

-Hi ~r-l — A j = ° • ^'^''^ 

PARABOLIC ARCH WITHOUT HINGES 

80. Assuming, as in the case of two-hinged arches 
(Art. 48), the cross-section of the rib to so vary from the 
crown toward each end that at any section 

I = Iq sec <^, 

(/o and Aq denoting the moment of inertia and cross- 
section of the rib at the crown), and introducing these 
together with the equation of parabola 

in Eqs. (136) and (137), and integrating 

hi 



- 3^0 

I' 

7. 



ydc 4 hH 



rydc^ 

Jo I 

X 

X 
X 
/ 



I 15/0 

V 

^cos^ <t> dc P<I>Q 



A 8hAo 

^'xydc _ /ta^(4/ — 3fl) 



aydc ah(P — 6 aH + 4 a'O 



Jf*"'sin <^ cos ^ dc Pe 



A (P-hT6h^)Ao 

* Howe, Treatise on Arches. 



nearly/ 



ii6 
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J, / 

X 



/ 



w 



2L 



I 



a' 



' 2/0 



< g >| 


I 






^^"^^ 


/l 




s^ 


^^ TA W 




^^, 


\ V.--<ft-» 




y 


\ Y^<* 




\ 


/; 


\ A"'''''^ 




2 


/ • 


vr^oV 




/ 





C^adc _ a (/ — 2 a) 



Fie. te 



and putting, as before, 



"5 

T- =^ V 



we get, 

3 \i 



^'/ . /'/'^Ao 



+ 



8 



f) 



■VW< 



ah(P—2 






M' i?' h W^ — ^ ^ = o. 

23 2 



Eliminating M ', and remembering that 



e = -^a(l-a), 



we obtain. 



H=^iH' = 



Consequently, for one load W (Fig. 62), we get, 

6oh^ J a" (/ - g)^ 12 g (/-fl)f^ \ 

16 W + 45 l^i'<l>o\ ^ ^' + 16 h^ J ^'"^^^ 

Similarly, by carrying out the integrations in Eqs. (134) 
and (135), we get, 

2 L3 4h } 3 

„. rq - g)' (2 / + g) nSh(l-a)-P (<^. + ^,)} 1 . ^ 
|_ 6 8 /t J ' 
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Eliminating V^ and M^ successively, and putting 

4hl — P <f>Q 

— a — "' 



& h (I - a) - P (<!>. + <!>,) 
8h 



= tJtf 



-W{liaP-6nF)Q-ay + 6Pmi'}\ ( 

^' = ;» X T. .fl {(^ - '^y (/ + ^ «) + " f^^^W .... (145) 

» "t~ 12 W* 



144) 



^a and <^o denoting the inclination of tangents at a and 
A respectively. 

Neglecting the effect of axial stress, — since the terms 
containing i* ought then to disappear, — we get, 

H^ll^^l^W (.46) 

M^^ il-<^y(Sf-^aD ^ .... (147) 



/* 



^^^ (l-ay(l + ,a) ^ ^^^g^ 



81. Temperature Stress. — For a uniform temperature 
change of /, introducing in Eqs. (138) and (139) the equa- 
tion of parabola and the expressions for / and A already 
given, and integrating the terms severally, we obtain, 

45 4* 
Mt^'ihH, (150) 
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Neglecting the axial stress, these equations become, 

82. Displacement Stresses. — For a change of Ay in 
relative heights of supports (Art. 77), we get, by carrying 
out the integrations in Eqs. (140) and combining them, 

(12 4A ) 

M^^-vJ- (iS4) 

H^ = o. 

For a change of A<^ in the central angle (Art. 78), sim- 
ilarly we get from Eq. (141) the following equations: 

_ 2hEIoA<l> 
■^A = ~77T2 ^ y ^ - 2\ .... (155; 



2 EIq a<^ 



y^-- ^ rr^.v ■ ■ • (.s*) 



3fA = - T^A- +-H^A + 7—^ . (157) 

2 3 ^ 

For a change of A/ in span length (Art. 79), we get 
from Eq. (142), 

-^A = —7 Yt. '27 f \ .... (158) 



Us ^ Ah) 



Mti = Ht^-h (159) 

7a =0. 
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CIRCULAR ARCH WITHOUT HINGES. 
{Uniform Cross-Section) 

83. Referring to Fig. 63, we have for circular arc 
with origin of coordinates at A the foUowing relations: 

X =^ r (sin <^<, — sin ^), 
dx ^ — r cos <f>d4>y 

y ^ r (cos ^ — cos ^^^ y 
dy ="- r sin <f> d <l>, 
dc = — rd <!>, 




a =^ r (sin <^o — sin ^„), 

<l> denoting the inclination of 
the tangent to the horizontal 
at any point xy. 

Introducing these in Eqs. (133), (134), and (135), and 
integratmg the terms severaUy, 

(a) ^ 

Jydc = 2r'^ (sin ^^ — <^o cos <I>q). 


Jxydc = 2 f* sin <I>q (sin <I>q — <f>Q cos 4>f^. 


J' sin <f> dx = o. 


Jfdc = f^ {<^o (1 + 2 cos2 <^o) - 3 sin <^o cos ^^}. 


J cos <l> dx ^ r (<f>o + sin <^o cos <I>q). 


/ (5f - a) ydc = r* {i (sin <^o + sin (^J* - (<^o + <^.) sin <^« cos ^^^ 

+ cos <^o (cos <^o — cos «^.)} . 
sin i^dx ^ - (sin^ <^. — sin^ ^^j). 

a 2 



I20 
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xdc = 2 H <^o sin ^Q. 



Jydc = 2 f^ {sin il>Q ^ <l>^ cos <^o)- 


J(x — a)dc=-r^ {(<^o + <A.) sin <^. + cos ^. 
a' 



- COS <^o} • 



W 



Jowfc = 2 r^ ^0 sin ^( 


•^0 



'0- 
^Jc = ^ {<Ao (i + 2 sin' ^o) — COS ^^, sin ^q}. 

J' sin ^ (/); = r (^^^ — cos ^^ sin ^p). 


^v^'Jc = 2 f* sin ^0 (sin ^^j 





<^o cos 4>q). 



f 



cos Kjidy = o. 

J(x-a)ocdc=r^ {(<^o + <^-) (i + sin ^^^ sin «^.) 
o' 

<^«) (cos <^. - COS «^o) - i (cos <^o sin <^o + sin<^. cos <^.)} . 
- Mo + ^a) - cos <^o sin <^o - cos <^, sin <^ J . 



i: 



{x—a) ocdc- 
+ (sin <^jj + sin <^.) (cos <^. — cos ^o) — i (cos 
sin ^dy -=^- {(<^o + ^a) - cos ^^ sin <^o - cos <^, sin <^.} . 

1 2 

And eliminating Afj, Fj, and 7? successively from the 
three equations, we obtain, 

sin <^o (cos ^^ — cos ^^ + sin <^, (<^. sin <^o — <^o sin <^ J 
+ ^° (i + ^') (sin' <^. - sin' ^^ 



H = 



^o(: 



Pr.(i6oa) 



*o( I + ^) (<^o + cos <AoSin<^o) - 2 sin' <^^, 
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or, since 



sin 4>Q = -^, 



2 f 

I — 2a 
> 



cos <^« = , 

f 

, r — h + e 
cos <^. = , 



H 



sm <^. = 

2r r 

-^^ ^ ^^ "^ W.{i6ob) 






-P 



cos <^o sin 4>^) 



sin <^. (sin ^^ cos ^^ — sin ^^ cos <^. + <^o) — *. sin <^o 
- i f I + ^j (cos ^0 sin <^o - <^o) (*. sin <fr.-«^o sin ^^ 

*2 



/2 

+ cos <^. — cos <^o) + -2 ^^ ^« (^^^ *^« ^^^ ^0 
- cos <^o sin <^o + <^o) - *. sin <^o} 



IF 



(i6ia) 



or 

if , = f -4r - '' + ^) ^ + 7 =A — ^ 

^'*<> ' 4*0(1+ y{2r^*o-/(r-^)} 

I C/ — 2 a) (2 r^ <h^ — le) <h^ — 2 <l>^4>^ r^l 



j (/ - 2 a) (2 r^ <^o - l^) <Ao - 2 <^o<^. ^^ 

-2f2<^j}lpF . . . (1616) 



7,=. 



( 1+3 )(<^.-sin <^.cos ^.)+ 2 sin «^.(cos «^,-cos ^,) 

i+^^-^-^ -f—^ \w.{i62a) 

2 f I + M (*o - COS <^o sin (^0) 



1 
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or 



^1= 



4+ 
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fi+^{2^.r»-(/-2a)(f-/t4-<?)}+2e(/-2a) 



2 



(l+5){2^*o-/(r-/^)} 



W,{i62h) 



Neglecting the effect of axial stress, we get, 

sin <^^ (cos <^. - cos <^o) + sin ^.(<^. sin ^^ — it>^ sin <^.) ' 



or 



+ *?(sin2<^.-sin2<^o) 

2 



*o (*o + COS <^o sin <^o) - 2 sin' ^^^ 
le +f a j{<^./ — <^o (^ — 2 a)} — <t>oa{l— a) 



- PF.(i63a) 



*o{2r'<Ao +/(r-A)} -/' 



<^o 2 (<^o - COS <^o Sin <^o) 

sin <^. (sin ^^ cos <^o — sin ^^ cos <^. + <^o) — <^. sin «^o 



PF. (1636) 
X 



[ 



^(cos^osin«^o-<^o)(^.sin<^.-<^osin«^o+cos<^.-cos<^o) ^^.(1640) 



or 

M 



• = (^-^ + '')^ + 



4 *o {2 r'** -/(»•-/»)} 

-{2r»^„-/(r-/»)} {2<^.a+/(<^o-^.)-2e}V. . (1646) 
(«^, - sin <^. cos <^.) + 2 sin <^.(cos ^. — cos ^«) 1 „. . , , . 



^. = i i + 

or 



', = [i+i 



2 (</»o - COS <^o sin <^o) 
2 <l>ar^ — (I — 2a) (r—h-he)} + 2C (/— 2 a) 



]^- 



2{2r^^„-/(.-A)} J "-(1656) 

84. Temperature Stresses. — For a uniform tempera- 
ture change of / — positive for rise — we get, by carrying 
out the integrations as before in Eqs. (138) and (139), 
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St j= J ^^r =j- (i66a) 

»* <^o(*o + sin <l>ocos «^o)f I + 3) - 2 sin' <^o 

= -j= ^r = .... (1666) 

jf . = ff ^^2A:^Ac^i> 

^^ l-,4>,^-h) 

Neglecting axial stress, we get, 

' ^ [<^o (*o + sin <^o cos <^o) - 2 sin' ^0] 
"r[*o{2*o^ + Ur-/^)}~/^] ^ ^ 

85. Displacement Stresses. — For a change of Ay (Art. 
77)> we get, by carrying out the integrations in Eq. (140), 

T. EI Ay / A \ 

V^ = — ^ . . (169a) 

^\ ^?) ^*^ " ^^^ *° ^"^ *^^ 

2 £/ Ay 
7 -p\ • • 0^9*) 

J/a = — V^r sin <^o — ~"^A- • • • • (170) 

For a change of A<^ in the central angle (Art. 78), we 
get from Eq. (141), 

T7 EI sin ^0 ^0 / \ 

K A = 7 z^ z»^^ .... (i7itf) 



\ + ^) ('''o - cos <^o sin <^o) 
£//A<^ 



/ --ax (171O 
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jr £7 (sin <^o'- <^o cos <^o) A<^ 

^l^oM + ^j (*o + sin ^ocos «^o - 2 sin^ f^^)> 
EI {1-2 <Ao (^ - h)} A^ 



[*o{2*or^ + /(r--«}(i + ^)-/^] 



. . . (1726) 



Ma = H^^{sin<l>Q-il>QCos<l>Q)-V^rsmil>Q+ ——— . (173a) 
= ^A ^^;^ ^S + 7^ • • • • ^'73^^ 

For a change of A/ in span length (Art. 79), we obtain 

from Eq. (142), 

„ EI<l>o^l . ^ . 

H^=^~=— ^ =. (174a) 

^ *o ( I + -2 ) (*o + sin «^o cos <^o) - 2 sin^ «^J 

2 £7 <AoA/ 



[*o{2r^<^o + /(r-/^)}(i + J)-/'] 



. . . (174ft) 



Jlf. = 77 /^^^"^-:,»o^^^^o> = gA ^-^\(^-^) . (175) 

9o 2 <po 

7a = o. 

FLAT ARCH WITHOUT HINGES 

86. In arches with comparatively small versed-sines, 
we may put, as before, without material error, 

dc = dXf 

so that I '^ . ,^ 

sin <i>ax = o, 



X'"' 





J cos <l>dx =^ I9 


I sin €l>dy = Of 



f 



cos ifidy = o. 
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Introducing these in Eqs. (133), (134), and (135), and 
assuming the cross-section of the rib to be uniform 
throughout, with 

A '' 

we get, 

Ml ^ydx + ^1 r xydx -h( Cy^dx + ItA 

— TFI {x — a)ydx =0 (i?^) 

MJ +V,^-H J ydx-W^^—^==o . . . . (1766) 

Jkfi-4-Fi H I xydx — W- -^ i-=o . (176c) 

Combining these equations, we get, 

F.= ^^+-y->V (X77) 

I (X — a) ydx — -^ I yaac 

f / ydxj-lj fdx-Pi^ 

j ydx ,. vg 
M.^H-^^W^-^^^ (179) 

It is to be noted that / ydx is the area above the hori- 

zontal hne joining the ends of the arch and bounded by 
the axis of the latter. 

87. Temperature Stresses. — For a uniform tempera- 
ture change of t (Art. 75), similarly we get from Eqs. (138) 
and (139), 
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fi^*= —ni 7-757 ^2. . • • (l8o) 



j fdx + Pt^-(j ydx\ 

Jydx 




Mt^H.'^^-j— (i8i) 



88. Displacement Stresses. — Similarly from Eqs. (140), 
(141), and (142), we get, for ^y (Art. 77), 

y^^llE^ (X8.) 

M^^-vJ- (183) 

for A<^ (Art. 78), 

EI A<^ / ydx 

H^= —p ^-^ij ^^ . . . (184) 

I I fdx-{ j ydx) +PP 

F.= -^ (.85) 

I ydx 

Ma=^-V^-1 + H^^^ .... (186) 

3 ^ 



and for A/ (Art. 79), 



iiA= —757 7-7i7 T^ • • • (loy 



1 1 fdx-fj ydxj + PP 
j ydx 



AfA= Ha ^ (188) 
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FLAT PARABOLIC ARCH WITHOUT HINGES 

{Uniform Cross-Section,) 

89. Introducing in Eqs. (177), (178), and (179) the 
equation of parabola 

we get for one load W (Fig. 64) the following equations: 

IS «'(/-«)' 



H = 



**'(' + T?) 



w 



M,^--JL^...- 



2P 



I- 5« \ 



W 



Y^ (l + 2a)(l-ay ^. 



Neglecting the eflfect of axial compression, 



4hP 



if = a(/-a)»(2/-5a) ^. 



^,^_ (/ + 2aK/-a)» ^, 



(189) 



• • 



(190) 



(191) 



(192) 



(193) 



(194) 





Fi«. 64 



Pig. 65 



90. For a uniform load w per unit length of the span 
(Fig. 6s), substituting wda for W, and integrating between 
the given limits of loading, we get. 
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7 4fP\ • • • • («9S) 

If, »- r6/»-8V4-3V- ^^"^-|^^.;r'^^n ^- (196) 



^1 = 






(197) 



Neglecting axial stress, we get, 

^ Rh^ .... (198) 



M, 



JP 

_ (2 P — 2 a^V + di') a,«7 



(199) 
(200) 



91. Temperature Stresses. — Similarly from Eqs. (180) 
and (181) we get, 

(201) 



H,= 



Neglecting axial stress, 

45 tOEI 



4h^ + 4S i^ 

30 tOEIh 



4/^' + 4S*' 



(202) 



^1 = 



2 h 



(203) 
(204) 



92. Displacement Stresses. — From Eqs. (182) to (188) 
we obtain in a similar manner, 
for Ay (Art. 77), 

V^ ^ (205) 

/ 
M^^-Va- (206) 
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for A ^ (Art. 78), 



H.= 



Fa=- 



30 EIh\<i> 
/ (4 A* + 45 ^) 
6EIA<I, 



and for A / (Art. 79), 

45£/A/ 



(207) 

(208) 
(209) 



IfA = 



/ (4 /f» + 45 »•*) ^"°^ 

M^= H^^h , . . . . (211) 

93. For flat circular arches without hinges, the fore- 
going formulas deduced for parabolic arches may be used 
without sensible error, for the reason already stated in the 
case of arches with two hinges (Art. 62). 

REACTION LOCUS AND ENVELOPE 

94. For showing reactions in an arch without hinges 
in amount and 
direction, reac- 
tion locus and 
envelope are re- 
quired. 

Since end mo- 
ments are due to 
the deviation of 
reactions from 
the axis, if we 
represent by e the vertical distance taken as positive above 
and negative below the horizontal line connecting the 
ends of the arch, we have in Fig. 66 at the left end, 




Fig. 66 
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and at the right end, 



*>=H 






Since 



which are the equations of the locus. 

Next, let x^y^ be coordinates — with origin at -4 — of 
the point in the line of reaction 7?, assumed to be one of 
contact with the envelope. Then we have, 

_ . F, _ , h-e, 
yi — ^i 'T jj. Xi — e^ -r x^. 

In order to find the relation between x, and y, for vari- 
able a, differentiate this equation with respect to a and 
eliminate a from the same. The equation thus obtained 
will be that of the envelope. 

It is evident that locus and envelope could be drawn 
by simple plotting of reaction lines for different positions 
of loads, instead of by deducing their equations. 

95. Taking the case of a flat parabolic arch, since we 
have by neglecting the effect of axial stress (Art. 89), 



iSa^(/~a)^ 
^1 2/8 ^' 



we get, ^ = - 
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2 /^ (2 / — 5 a) 



15a 



h =rze^^-±a = — , 
^ 5 

showing that the reaction locus is a horizontal line. 

Since yi = eii- xif 

(If 

substituting the values of e^ and 64, 

2/^(2/— ^a) . Ah(2a + f) 
IS a 15 a^ ^ 

Differentiating this with respect to a, we get, 

_ 2 h (I — 2X1) 

Substituting this value of a in the preceding equation, 
and at the same time transferring the origin of coordinates 
to the centre of the span and in level of the crown of the 
envelope where ^ ^ 

y = - h and Xt = — $ 

we get, 8/^:^2-1-15 Py + 30 Ixy = o, 

which is the equation of hyperbola. 

POSITION OF LOADS FOR MAXIMUM STRESS 

96. For finding the mode of loading to produce maxi- 
mum stress in any part of the arch, reaction locus and 
envelope may be made use of in a similar manner as ex- 
plained in the case of two-hinged arches (Art. 68). 

In Fig. 67, let the outside lines of the rib represent the 
positions of centres of gravity of the flanges or chords. 
Since at any normal section CD of the rib the stress in 
the upper flange C is equal to the moment with respect 



132 



STATICALLY-INDETERMINATE STRESSES 



to D divided by dy the reaction line passed through D 

and produced to the locus will 
indicate the position of load pro- 
ducing no stress in C, and that 
all loads to the left of O produce 
compression in C, while those to 
the right, tension. For the same 
reason the reaction line drawn 
through C determines the position 

for load to produce no stress in Z), so that all loads to 

the left of O' produce tension in i?, and those to the right, 

compression. 




Fig. 67 





Fis. 68 



Fig. 69 



For similar reasons, the position of load producing no 
shear at the normal section is given by drawing the re- 
action line parallel to the tangent to the axis of the 
arch at the section (Fig. 68) and by erecting a vertical 
over the section. The loads within these limits evidently 
produce (Art. 68) positive shear, while those outside the 
same, the negative. 

In case the chords or flanges are not parallel, the re- 
action line should be passed through the intersection of 
chord-members of the panel — in which the shear is to 
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be determined — instead of drawing parallel to the tan- 
gent, to find the position of load producing no shear. 

THE STRESSES IN INDIVIDUAL MEMBERS 

97, Referring to Art. 67, it will at once be seen that, 
in the arch-rib of Fig. 69, we have but to add M^ to the 
moment of external forces. 

Using the same designations as in Art. 70, we then have, 



r * 



) 



— (Fsin^ + fZ'cos^)(ii I (212) 



} 



F-.-j^ 



^1+ V^x-Hy- ^Wix-a) 



+ (V sin il>-\- H cos ^) d^ 



(213) 



in which 



D = —(V cos ^ — fZ" sin <^) sec )8 . . . . (214) 

X 

7 = 7,- 5 W. 



For a non-parallel rib, the stress in each member is best 
obtained by taking moment at 
the intersection of the other two 
members cut by a section. 




FiS. 70 



Example. — In a full-webbed 
circular arch with the same gen- 
eral dimensions as given in the case of two-hinged arch on 
page 94, to find the maximum stress in the lower flange at 3 
(Fig. 70). 



134 



STATICALLY-INDETERMINATE STRESSES 



Loads and dimensions : 

Dead load « 

Live load = 

/ = 

r = 



20 tons per panel. 
10 tons per panel. 
250 ft. 
200. 



^0 = 38^ - 40' - 56" = .67514. 
Panel length = 15.625 ft. 



t' 



Cross-section uniform with -r 

r 

Effective depth = 6 ft. 



== .00019. 



Panel. 


a (ft.). 


# (ft.). 


^. 


^ (drc. meas.). 


1 


15-63 


11.32 


33^ 09' 10'' 


.57863 


3 


3I?§ 


20.54 


27 57 II 


.48788 


8 


46.88 


27.99 


22 59 36 


.40114 


4 


62.50 


33-86 


18 12 36 


.31782 


5 


7813 


3831 


13 33 17 


.23658 


6 


93-75 


41.42 


8 59 21 


.15689 


7 


109.38 


43.26 


4 29 12 


.07831 


8 


125.00 


43.88 









H = 



The horizontal reaction is given by Eq. (160^). 



W, 



Tabulating the terms of the numerator severally, we have, 



Panel 
Pt. 


/« 


«^o(/-a«) 


^o/ 


(^-«)(<fro(/-a«)-<^«/j 


(«+^2)*0«(/-«) 


Numer- 
ator. 


1 


2829.46 


147.69. 


144.66 


331-21 


2472.88 


25-37 


2 


5135-29 


126.59 


121.97 


432.98 


4616.03 


86.28 


8 


6996.25 


105.49 


100.28 


406.66 


6429.48 


160.II 


4 


8464.64 


84-39 


79.46 


308.46 


7918.20 


237.98 


5 


9576.05 


63.29 


59.14 


194.51 


9067.20 


3*4-34 


6 


10354.62 


42.20 


39.22 


92.89 


9891.50 


370.23 


7 


10815.54 


21.10 


19.58 


23.76 


10386.07 


405.70 


8 


10968.75 











10550.93 


417.82 



ARCHES WITHOUT HINGES 



135 



and for the denominator, 

*o (i + ^2){ 2 r^ <^o + / (r - h)} -P = 327.15, 
whence we get the following \^lue of H for W = i : 



Load at. 


1 


2 


8 


4 


6 


6 


7 


8 


If = 


•0775 


.2637 


.4893 


.7275 


.9605 


I.1314 


1.2397 


1.2768 



For Afj we have Eq. (161^). 



o(x + 5){= 



X 



4*o(i + ^){2r^<Ao-/(^-^)} 



{(/ - 2a)(2r2<^o+ /«) - 2r2<^„/}V. 
Tabulating the terms severally, 



Panel 
Pt. 



1 
2 
8 
4 
6 
6 
7 
8 



( 



4. '+*)^ 


First Term 


of 


Numerator. 


2.25 


7 »5 58*67 3 


7.65 


6,186,976 


14.20 


4»9S9.5oi 


20.97 


3,843,680 


27.88 


2,811,769 


32.84 


1,842,092 


3598 


911,322 


37.06 






Second Term. 



-7,812,985 
-6,587,596 

-5416,391 
-4,291,456 

-3»I94»392 
— 2,118,465 

-1*057,323 

o 



Third Term. 


Fourth 
Term. 


- 278,225 


II 


- 542,713 


17 


- 75M34 


19 


- 918,971 


19 


— 1,048,682 


16 


-1,140,741 


II 


-1,195,747 


6 


-1,214,044 






Numerator. 



- 532,526 

- 943»3i6 

- 1 ,208,005 
-1,366,728 
-1,431,288 
-1,417,102 

-i,34i»743 
-1,214,044 



The denominator being 

4 *o f I + y {2 r^ <^o - ^ C'' - h)} = 40,459-6, 

we get the following values of M^ in ft.-tons ; and from 
M^== M^ + V,l -W (I'-a) the values of M^ : 
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Load at 


X 


s 


8 


4 


6 


6 


7 


8 




— 10.91 
+ 1.02 


-15.66 

+ 4-09 


— 15.65 
+ 6.98 


-12.81 
+ 10.05 


- 7.50 
+ 11.38 


— 2.19 
+ 11. 31 


+ 2.82 
+ 9-95 


+ 7-05 
+ 7.05 



^'l" 



The values of V^ are obtained from Eq. (162^). 

(1+ ^{2 <^«^' -(/- 2a)(r-h +e)}+2e (/-2 a) 



- + 
2 



{i + 5){2r'<Ao-/(^-/^)} 



W. 



Substituting the numerical values in all the terms, we get 
the following values of V^ : 



Load at 


1 


a 


8 


4 


6 


6 


7 


8 


^1 


.985 


•954 


•903 


.839 


•763 


.679 


.591 


.500 



Drawing the reaction locus and envelope (Fig. 71), and 
passing reaction line through C in the upper flange at 3, we 




Pig. 7x 



at once see that all loads to the right of o produce com- 
pression in the lower flange at D. 
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For this position of loads, we have the following end- 
moment and reactions : 

Due to dead load, — 

H = 2 (.0775 + .2637 + .4893 + .7275 + .9605 + 1.1314 + 1.2397 
+ '6384) 20 = 221.12 tons. 

Ml = (— 10.91 — 15.66 — 15.65 — 12.81 — 7.50— 2.19 + 2.82+ 7.05 
+ 1.02 + 4.09 + 6.98 + 10.05 + 11.38 + 11.31 + 9-95) 20 
- = — 2.80 ft.-tons. 
V^ = 7^ X 20 = 150 tons. 

Due to live load covering the right of o, — 

H =^{2 (.9605 + 1.1314 + 1.2397 + .6384)+ .0775 + .2637 + .4893 

+ -7275} 10 = 94.93 tons. 
Jfi = (— 7.50 — 2.19 + 2.82 + 7.05 4- 1.02 + 4.09 + 6.98 + lo.oS 

+ 11.38 + 11.31 + 9.95) 10 = + 549.60 ft.-tons. 

Fj = 3i X 10 + (.015 + .046 + .097 + .161) 10 = 38.19 tons. 

From Eq. (212) we then get for flange stress at D, 

^" = i [(549-60 - 2.80) + (150 + 38.19) 46.88 - (221.12 + 94.93) 
27.99 —20(15.63+31.25)— {(188.19 — 40) .3906+316.05 
X .9205)3] = - 243-50 tons, 

CONCLUDING REMARKS ON ARCHES 

98. It must be borne in mind that all the formulas 
that have so far been deduced for arch-ribs apply with 
correctness only to ribs whose radii of curvature are 
considerably greater than the depths of the ribs them- 
selves. Were this not the case, the fibre length would 
differ sensibly with its distance from the centre of curva- 
ture, and as a consequence the change in its length will 
not be proportional merely to the stress acting in the 
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same, but will also depend on its 
distance from the centre of curva- 
ture. Thus in Fig. 72, let 



r = radius of curvature of the rib, 
dc = elementary fibre length at a dis- 
tance of y from the neutral 
axis, 
d4> = elementary central angle, 

so that 

dc = (r -h y) d<l>. 

Further, let 

/= fibre stress at y, 
^dc = deformation of dc due to^^ 
Ad<l> = change of d^^ 

so that 

Then we have, 

Since 




dc 



(r -f y) d4> 

M = J/ydA, 
substituting the value of/, 



or 



M = E 



/ = 



^d4> CfdA 



n 



d4> J r + y 
My 



(r + y)Jl 



fdA 



+ y 



Pig. 7» 



From the last equation it will be seen that 

My _^ My 



f 



I fdA 
only when y may be neglected. 
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CHAPTER VI 



SUSPENSION BRIDGES 

99, Suspension bridges are lacking in rigidity besides 
being expensive of construction, and for that reason, 
those of moderate spans are but rarely constructed. It 
suffices to state that suspension bridges with trussed 
links are nothing more than inverted arches, and are to 
be treated in almost exactly the same manner as the 
latter of corresponding forms, with change in signs of 
stresses, and taking into consideration the motion of 
supports. This last condition brings the following term 
into the expres- 
sion for work of -^ — ^^^ ^ — ^h 
resistance, 

in which A/ re- 
presents the 
change in span length due to the motion of supports caused 
by the change in length of the anchor ties. In the sus- 
pension bridge of Fig. 73, we have, 

A/ = 2A/j sec a. 

Neglecting the frictional resistance to the motion of 
saddles on the towers or of the pin (in case the towers 
are hinged at the base), we get. 




Pi«. 73 



A/,= 



Hl^ sec a 



EA. 
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in which A a represents the sectional area of the anchor 
tie. Whence 

HH^ sec' a 

*^^^^ — iiT— 

Neglecting the compression of towers, we have, by refer? 
ring to Art. 45, the following expression for H dUe to 
one load W\ 

V 

sin ^ dx 



r^xydc^ rydc_ psi 



ii = -i:V-^ ^^^ ^ ^— w. . . . (21s) 



2 



Jf*^ fdc C^ cos <^ dx li sec' a 

* «/0 ^ -^a 



For uniform temperature change /, since the actual 
horizontal displacements of A and B amount to 

2 tOli sec a, 

we have, by referring to Art. 46, the following equation: 

__ tOE (/ + 2 /i sec a) . ^. 

'^ rfdc ^ n cos <l>dx ^''^^ 

Jq I c/q -^ 

100. For a long span, which is the proper field for a 
suspension bridge, the latter, as generally constructed, 
consists of cables and stiffening trusses, forming a com- 
posite system of construction. 

101. Cable Suspension Bridge with Continuous Stiffening 
Trusses. — No mathematically correct method of calculating 
stresses in this kind of suspension bridge has, as yet, 
been made practicable, — most formulas used in prac- 
tice being more or less rough approximations. The fol- 
lowing method of calculation is another of the latter kind. 

The cable — being given a uniform cross-section — 
forms, under its own weight, a catenary curve; since, 
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however, the weight of the floor system and stiffening 
trusses, which is generally uniformly distributed along 
the horizontal line, is far in excess of that of the cable 
itself, the curve actually assumed by the latter is closely 




Pig. 74 

allied to a parabola, especially as the suspender rods 
are so adjusted as to produce this form as nearly as pos- 
sible. The entire weight of the stiffening girder in nor- 
mal condition and at mean temperature, when not loaded, 
may thus be assumed to be borne by the cable, the ends 
of the girder touching the supports but producing no 
reaction. If now a load W be placed on the girder, the 
elongation of the cable and suspenders will take place, 
and in consequence the stiffening girder will bear on the 
supports. A part of W will then be borne by the stiffen- 
ing girder and be transmitted directly to the supports, 
while the remainder goes through suspenders to the 
cable. For simplicity of calculation, it will be assumed 
in the following that the tension in suspenders due to 
any loading will be uniform, as in the case of dead loads. 
Such an assumption — although never strictly correct — 
is permissible considering the considerable rigidity gen- 
erally given to the stiffening trusses. 
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Let 

p = the pull in the suspenders per unit length of the span. 
H = the horizontal component of tension in the cable due to p. 
x,y ^ coordinates with origin at A . 

c = length measured along the cable. 

/ = the distance between the towers. 

/' = the total length of the cable between the towers. 

/j = the length of the anchor cable. 
Ac = the cross-section of the cables. 

/ = the moment of inertia of the stiffening trusses. 

Referring, then, to Fig. 74, we get the following works 
of resistance: 

(i) Work in the cable. Passing a section through 
the centre of the span, and taking moment at A or B, 
we have, 

Since p is assumed to be acting vertically, H will be 
constant throughout. The stress in the cable at any 
point X will then be, 

H—y 

dx 

and the work of resistance due to the same, 



1 2AcE 



Since 



dc^ y/do(^ -h df = dx y I +^» 
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introducing in this, the equation of parabola 
we get, 

(fc = 1 1 H j^ (1 — 2 xy I dxy nearly. 

Substituting and integrating, we get for the total work 

of resistance in the cable the following approximate 

expression : 

W (P 4- 8 h^) 
2 A^l ' 

or 



(19^/^ + 8.^ 



(2) Work in anchor cables. If we neglect the resist- 
ance offered to the motion of the saddle, the tension in 
the anchor cable would be, 

H sec a, 
and the work of resistance in the same, 

J '* ^H sec ay dc __ fl% sec^ a 
2£^c ~ 64EAJi^ ' 

(3) Work in suspenders. Denoting with L the mean 
length of all the suspenders, and with A, their total 
cross-sectional area, we at once get for the work in the 
suspenders the following expression: 

(piyL 

2A^ ' 



2 
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This term is generally so small compared with others, 

forming the total work 
Ri R, of resistance, that it may 

' MMtATM— tttl be entirely neglected 

Without appreciable error. 




(4) Work in stiffening 
Fi«. 75 trusses. Let R^ and R^ 

represent the end reac- 
tions (Fig. 75) of the stiffening truss. Taking moments 
at each support successively, we get, 

j^^WQ-a) pi 



I 2 

Wa_pl 
I 2 

also 

Ri-\-R2 + pl = W. 



R2 = —. 1 



At any point distant x from the left end, we have for 
moment, 

m = R.x + ^-- = — ^ ^ X — ^- (I — x) tor X < a. 

2 / 2 

D , /'^ TT// N Wail-x) px(l-x). 

m = R.x + W (x—a) = ^ — ^—^ for x> a. 

2 I 2 

Neglecting the deformation of web-members, we get 
for work of resistance, the following expression: 

(W{l-a) px(l-x)\\ 
C'mHx ^ pi } ^ 2 J^^ 

J„ 2 IE J„ TJe 



+ 



J Wa(l-x) _ px (I - x) y 

J a 2 IE 



SUSPENSION BRIDGES 145 

Assuming / and £ to be uniform throughout, we get 
for the integrals, 

40 W^a^ (I -ay- 10 Wpla (P -2aH + a») +pV 

240 lEl 

If we neglect the deformations produced in the towers 
and the anchorages, we have for the total work of resist- 
ance in the structure, 

"^ i2Sh^AJE "^ 64 AcEh'' 

4oW^a^l - ay - loWplajP - 2aH + a') + fP 

240 lEl 

' Setting the first derivative of © with respect to p equal 
to zero, we get, 

^^(P+Sh^+2ll,sec^a)+'- 
ShrAc 5 

For a uniform load w per unit length, we have but to 
put wda instead of W, and integrate between given limits 
of loading. Thus, for the load extending for a^ from 
the left support, we have, 

P--J7PJ • • (218) 

-4^7- (^' + 8/^2 _f. 2//,sec2a) + 2P 
4 h^Ac 

102. The following stresses may now be written: 
The stress in the cable — maximum at the towers, 

H sec <^o = - ^ sec <^o- 

<l>o being the inclination of the tangent at towers to the 
horizontal. 
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The stress in the anchor cable j 

- ^ sec a, approximately. 
8 h 

The stress in the suspender^ 

pi 

— > 

n 

n denoting the number of panels into which equi-distant 
suspenders divide the span. 

In the stiffening truss at any point distant x from the 
left end, 

Shear = R,-\- px ior j^ ^u. i . ^ „. 

^ '^ ^ due to W. 



x> a J 



= R^-{- px-W for 

= Ri-\- {p — w)x ior X < aA , ^ 

= R^-\- px — wa^ for x> a^j 



Px^ 
Moment = R.x + ^— ior x <a 

2 

= RiX + - W(x — a) ioT x> a 

2 

= R^x + ^^~'^^ x^ iorxKa^ 



due to W. 



^ due to w. 



= R^x + a{w (x -J for x > a^ 

108. Temperattire Stresses. — It hardly requires expla- 

^ nation that a rising temperature tends to strain the 

stiffening trusses and at the same time relieve the cables, 

while falling temperature strains both cables and trusses. 

Since, 

/' = / dc= 1(1 + -^J , nearly (see page 143), 
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a uniform change of / degrees — positive for rise — changes 
the length of the main-span cable by 



t0V==mli +^» nearly. 



Representing by h^ the sag of the deformed cable, we 
have, 

from which 

The deformed cable would then deflect upward or down- 
ward by about 

The change in the length of anchor cables due to / being 
2 /^/j, will change the main-span length by 

— 2 tOl^ sec a. 

Representing by h^^ the sag of the cable with changed 
span length, we have, 

3 (/ - 2 etl^ sec a)2 J V 3 ^ / 

SO that the deflection of the cable due to this cause alone 
would be ^ 

I T Otl^ sec a, approximately. 

o It 

The total deflection of the cable, due to a temperature 
change of /, were the latter free to deflect, would then 

' 8=^^ ^/^(/ + 2/1 sec a) (219) 



(/ — 2 ft/i sec a) -^ I + 
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This, however, could not take place owing to the rigidity 

of the truss; but as the difference is generally slight, we 

shall assume S to be the total deflection. 

Neglecting the changes in lengths of suspenders, and 

further assuming the stress produced in the latter by 

the temperature change to be uniform, and calling it 

pt per unit length of the span, we get, 

■ 384 EI ^ 
Pt= g^ ^ (220) 

This uniform pull on the cable produces tension in the 
latter, whose horizontal component is 

n 48£/. 

and in the stiffening truss a moment of 

48£/g 

at the centre of the span. 

Each suspender sustains a pull due to this cause of 

ptl 

— ^^— • 

n 

104. There is still another factor, not considered in 
the preceding discussion, viz.: the change in the amount 
of H due to variation of the deflection of the cable from 
whatever cause. Thus, if at the normal temperature 

a change of / degrees would give 



H = 



8Mi+f(i+| 






(221) 
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TRUSSES WITH REDUNDANT MEMBERS 

105. The different forms of trusses with redundant 
members may be indefinitely multiplied. They are 
generally decomposable into as many simple trusses as 
there are systems of such members to form them. The 
following few simple cases will sufficiently explain a 
mode of procedure for calculating the stresses in this 
kind of trusses. 

106. Fig. 76 shows an ordinary lattice truss. The 





I 1 



X 


\ 


/ 


/ 


^ 4 


8 ^ 


' 


A 



3 6 



•/ 


/ 


\ 


\ 


^ 4 


8 ^ 


1 


& 



n 



(1-0)W 

Fig. 76 

truss is evidently decompos- 
able into two simple trusses 
/ and //, — all the mem- 
bers excepting diagonals be- 
ing common to both trusses. 




A load W hung at the middle panel point must — 
according to the principle of least work — be divided be- 
tween trusses / and // in such a way that the internal 
work performed in the truss will be a minimum. 



ISO 
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Representing by ^ the ratio of the load borne by truss 
/ to the whole, we have the following stresses: 



Mem- 
bers. 


1 


s 


8 


Trusses. 
I 


2 


+ ..4***^ 


U*'' 


II 


O 


• • • 


o 



+^(.-0)»' 




Mem- 
bers. 


7 


Trusses. 
I 


2h 


II 


• • • 



8 



2h 



+^{i-^)lV 



+ (i-0) fV 



10 



-^ (,-«)»- 



11 



^(l-0)fr 



Denoting by A with corresponding suffixes the cross- 
sectional areas of members, we get for the internal work 
in the trusses the following: 

2A£ i£m'^\AjAjA,^A,r'' '^^ \A^^ A,J A,J aJ 



P *' ;>'' , 

5 6 



'8 



Since the value of <t> must be such as to make the inter- 
nal work a minimum, diflFerentiating © with respect to ^, 
and setting the dififerential coefficient equal to zero, we 
at once obtain, 
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107. Fig. 77 shows another case of a truss with re- 
dtindant members, formed evidently by a combination of 
Pratt, Howe and King-post trusses. In order to find the 
stresses in diflferent members of the truss, decompose the 
latter, as before, into elementary trusses /, // and ///, 
and denote by <^i, ^^ ^^^ ^3 the ratios of distribution of 
W in /, // and /// respectively, so that 

The following stresses may now be written: 



Members. 


1 


a 


s 


4 


5 


Trusses. 

I 


;:»*.»' 


• ■ • 


• • • 


. • • • 


+/:5*'^ 


II 


:\ '"^'^ 


• • • 


+ \i,,w 


:\ i>^^ 


• • ■ • 


III 


• • • . 


:\ *'^ 


• • • 


• • • 


• • • • 


Members. 


6 


7 


8 


9 




Trusses. 

I 


• . • * 


+/,0.^ 


+ /,0.»' 


-!*'»' 


• • • • 


II 


+ <t,,iv 


+ /, 0,^ 


+^*»^ 


L ^'"^ 


• • • • 


III 


+ 0,»r 


+{<i>.iv 


+|0,ff 













Denoting by A with suffixes the cross-sections of the 
members, we get for «, 
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■iS'z w* 



2AE 2 EIP 



iM, + <>.f + ^'(i-^,-»^' + ^% ^ 4 '^ W 



^t 



^, 



^4 ^. 



_!_ ^(l-^.)' | /'(2-^t-^,)' ^ /'(2 -.».)' ^ /»(2 ^ + <^^» 



^. 



= ll>. 



Making 



dm. 

^2 



= O, 



= o, 



we obtain at once the following equations: 

2 



M^'(:^-:^)-S 



-+^+^(:l;+:^ 



+4-^!+*. 






+/ 



\A,^ a) 



U, + ^, 



-4-i)i=- 



*, 






Representing the terms within the brackets by a, y8, 7, 
8 and € in order, we get 

*!« + <^2^ = y» 



from which 



*i = 



*2 = 



^y- a€ 



*i 



2 i82 _ ^3 

^ )g(ig - y)+ €(a ~ )3)+ a(y - g) 



/S^-aS 
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As this chapter is the least important of aU, consider- 
ing the comparative rarity of the kinds of structures 
treated, it is deemed sufficient merely to indicate a mode 
of procedure in the calculation of stresses by means of 
the method of work. 



CHAPTER VII 

SECONDARY STRESSES DUE TO THE RIGIDITY OF 

JOINTS 

108. Strictly speaking, the stresses in all kinds of 
trusses are statically indeterminate; for it is only by 
assuming joints to be free of all constraints under all 
changes of form due to elastic deformation of members 
that we are generally enabled to calculate the stresses 
in trusses when external forces are known, while in 
reality all joints are more or less rigid and resistant to 
angular changes between truss-members. Even pin- 
connected trusses are to be considered to have rigid 

joints wherever the frictional resistance 
on the surface of the pin exceeds the 
torsional moment caused in the latter 
by the members which it connects. 

In the following, we shall in the first 

place discuss the secondary stresses in 

the truss itself, and then those in the posts and lateral 

members due to rigid floor-beam and lateral connections. 

SECONDARY STRESSES IN TRUSSES 

109. Suppose a truss element ABC (Fig. 78) undergo 
deformations in its sides a, b and c due to stresses pro- 
duced in them. If the joints do not offer any resistance 
to motion of members, then corresponding angular 

changes would take place forming a new triangle with 

154 
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changed side-lengths. Representing by A the rate of 
linear and angular changes, + for extension or enlarge- 
ment and — for the contrary, we have the following 
equations from the deformed triangle: 

(b + A6) sin (A + AA) = (a + Aa) sin (B +*A5), 

from which, by neglecting small quantities, we get 

tznA 



_ /Aa _ A^\ 
-\a b) 



^A =J r- tan^ + A5 



tan^ 



Similarly, 

/Ac AA AD*^^^ 

and since 

A^ + A^ + AC = o, 

we get, 

. „ Aft , , ^. Aa ^ Ac 

AB = -r (cot A + cot C) cot C cot ^4, 

b ^ a c 

. ^ Ac , . „v Aa ^ Ab 

AC = — (cot A + cot J5) cot ^ — -^ cot A, 

c a b 

. ^ Aa , ^ ^^ Ab ^ Ac _ 

A^ = — (cot 5 + cot O - -7- cot C cot B. 

a ^ b c 

These equations would then give the amounts of angular 
changes due to changes in lengths of the members were 
the latter free to move at the joints. If, however, the 
joints were so rigid that angular changes could not take 
place, then each member would have to distort itself in 
such a way as to occupy its new position without pro- 
ducing angular changes at the joints. As a consequence* 
whatever positions the members may in this way assume^ 
the tangents to their neutral axes at the joints should 
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maintain the original angles between them. The con- 
straint thus made active at each joint gives rise to bend- 
ing m each member. Let a member ^ C be cut oflF 

close to the joints (Fig. 79), and 

^i \^\ represent by Ma and Mc the 

Ww* ** =c% moments acting at the ends, — 

y ^ 1 positive for bending the piece 

^ anticlockwise and vice versA. 

Further, let AC^ represent the 
original position of AC, the former being tangent to the 
latter at A ; and denote by a the displacement of C, — 
positive when it is clockwise and vice versS.. 

Since the moment (positive when causing compres- 
sion in upper fibres) at any point distant x from A is 

considering the moments only, we get for the internal work 
in the member, 



I 

a» = 



2 EI 

L 
6 EI 



fH-"--"^')'- 



(M,2 - MMc + M.2), 



in which / represents the moment of inertia of the section 
of the piece, and E the modulus of elasticity, both assumed 
to be uniform. 

Since the force acting through a, reckoned in the same 
sense as the latter, is 



SECONDARY STRESSES DUE TO RIGIDITY OF JOINTS 157 

it follows from the first theorem of Castigliano (Art. 6) 
that the first derivative of cd with respect to — ^ - 



must be equal to a, so that with Ma as variable we have, 



^(2Jlf.-M.)== J 



. . . . (222) 



Considering now the jomt A (Fig. 
80), and applying this equation to 
members AC and AB — denoting their 
lengths, end-displacements and mo- 
ments by X, a, and M with corre- 
sponding suffixes as shown in the 
figure — we get, 




Fig. 80 



■^-~p (2 ilf« - MJ = £^ . . . . (223) 



^(2ilf.-ilfJ = £- . . . 



. (224) 



Referring to Fig. 80, it will be seen that the angular 
change A^, which would have taken place had the angle 
A been free to change, to be equal to BAC — B^AC\ 
so that by paying attention to signs we may put 



a. 



A {BAQ = y^ - 



'M 



L. 



ab 



Consequently we get, 



6 EABAC = Y^(2 M^-M„) - 



•ae 



y^ (2 M^ — MJ . 
■^ab 



• • 



(22s) 
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Similarly for other angles, we obtain, 

6£A^BC = ^(2Mrt-MJ- ~^(2 Jlf^-M^) . . . (226) 

6Ei^BCA=^i2M^-I^u)-Y^{.2M^-MJ). . . (227) 

Ia leu 

Since at each joint 

SM=o, 

we have in the triangular frame ABC, 

M^ + M„= o, 
Mfc, + Mfa = o, 

Mrf + Jlf«, = o. 

In this way, as many equations as there are unknown 

moments in a truss may be ob- 
tained by extending equations over 
all the triangles of the truss and 
setting the S M at each joint equal 
to zero. The following example 
will show the application of this 

method to the calculation of secondary stresses in a 

simple truss. 

Example. — In the truss of Fig. 8i given : 

/•* = 360 in.* L^ = Li^= 25 ft. 

/*. = 60 " L„ = L« = 30 " 

/« = 40 " 
/« = 360 " 

Supposing the members to sustain following intensities 
of direct stresses : 




Fig. 81 



AB =^ DE = — 7000 lbs. per sq. in. 
AC = CE = + 7330 lbs. per sq. in. 
BD = — 7330 lbs. per sq. in. 
BC = CD = + 8000 lbs. per sq. in. 
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to calculate the secondary stresses induced in each member, 
assuming the joints to be perfectly rigid, and E taken at 
30,ocx),ooo lbs. per sq. in. 

In consequence of the principal stresses the following 
deformations are produced : 

In AB and DE . AL = — ^-=r- X 25 X 12 = — .070 in. 

AC and C£ . AL = ^^ X 30 X 12 = + .088 in. 

BD . . . . ^L=^ "" ^^^^ X 30 X 12 = — .088 in. 

hi 

8000 
BC and CD . AL = —=r- X 25 X 12 = + .080 in. 

h, 

Since 

cot BAC = .7500, 
cot ABC = .2915, 
cot BCA = .7500, 

the angular changes, were they possible, would then be, 

. ^ ,^ .080, . . .088 . .07 

^BAC = (•2915 + .7S00) — X.75+ —^X. 291 5 = .0001624, 

. . T,^ -088, . . .08 .07 

£iABC = —r-C7Soo+-75oo) X.75 + — ^ X. 7500=. 0003416, 

300 300 300 

. „^ . -070 , . . .08 .088 

A5Ci4 = ^(•75oo+.29is) X .2915 ^ X .7500 

300 ' 300 360 ' 

= — .0005040, 

A r. T,^ -080, . . .08 . .088 

AD5C=^.7Soo+.29is)-—X.29i5+—x. 7500= .0003835, 

A T>^^ -088 , . V .80 .08 

^BCD -^(-75°° + -7500) -^X' •7500 -J^^ -75°° 

= — .0007670. 
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Applying Eqs. (225-227) to all the angles successively, we 
obtain, 

i) 6£.oooi624 = ^(2Jf^-ilfJ-|g(2Jlf^-JlfJ. 

2) 6£.ooo34i6 = |g(2Jlf^-JlfJ-^(2Jlf^-ilf^). 

3)-6£ .0005040 = ^(2 Jf^- Jlf J ~ ^(2 Jlf^ - Jlf J. 

00 40 

4) 6£.ooo383S = ^(2M^-if^)-|^(2ilf„-ilfJ. 
- 6£ .0007670 = ^(2 Jlf^- if J - ^(2ilf^ - Af J. 



60 
Since from symmetry, 

the last equation becomes 

600 
5) 6 £ .0007670 = — (2 Jlf rf - JIf J. 



60 



M^=-M 



M) 



Again, since, at each joint, 
S3f = 0, 

6) M^ + M^^o. 

7) ilf^ + if». + ilf„ = o. 

From these equations we ob- 
tain the following values of Ms : 




Jlf« = + 2,602 in.-lbs. 
M^ = — 2,602 
if ft- = 4- 25,926 
iffc, = + 2,454 
Jlf„ = - 28,380 
M^ = + 8,130 
if«, = + 10,176 
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Paying attention to the signs of the moments, it will be 
seen that the bending of the members takes place as shown 
exaggerated in Fig. 82. 

The widths of members in the plane of the truss being 

as follows, 

AB = 12 in., 

BD= 12 " 

BC= 4 " 

AC= 4 " 

the secondary stress in each member may now be written. 

In AB -^ — X 6 = 432 lbs. per sq. in. 

^ 360 

BD ^^ X 6 = 473 " " " " 

360 ^^'^ 

BC ^ X 2 = 271 " " " « 

60 

AC i^^ X 2 = 509 " " " " 

40 

These stresses are to be added to the direct stresses 
already given, to obtain the maximum intensities of stresses 
in the members. Strictly speaking, the actual maximum in 
each member is less than the maximum thus found, by that 
portion of the direct stress taken up in producing the mo- 
ments, but the difference is generally so slight as to be 
practically negligible. 

SECONDARY STRESS IN THE POSTS DUE TO RIGID FLOOR- 
BEAM AND LATERAL CONNECTIONS 

llO, By Loading. — When the posts are connected rigidly 
at top by the lateral strut, and at bottom by the floor- 
beam, — as is most usually the case, — the bending of the 
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floor-beam caused by loading on the same induces — by 
reason of constraints — the moments and thrust, produ- 
cing deformations as shown exaggerated in Fig. 83. 

Representing by Mo, M^, M^, and M^ (Fig. 84) the 
moments produced at the four comers of the frame, — 
positive when producing compression on the outer fibre, 




Ml 



,J, 



M 



Ms 



L_Li 



Mi 



FiC. 83 



Fi«. 84 



and vice vers&, — it is evident that, for all loads sym- 
metrically disposed about the centre of the floor-beam, 

Mq = 3f 2, 
M^ = M^. 

Let m^j Wj, and m, represent moments at any point in the 
upper strut AB, post AC, and floor-beam CD respectively* 
Then, neglecting the influence of direct stresses and 
considering moments alone, we get for the work of resist- 
ance in the frame. 



0) 



Jo 2 rLly^ Jo 



Tel 



+ 



X' 



'm^dx 

Tel 



8 



A, 7„ and 7, representing the moments of inertia of the 
sections of strut, post, and floor-beam respectively. Since 
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f»i = Mo, 

W2 = If H ^^-7 X, origin of x taken at ^4, 

Wj = Afj -f if , 

in which M represents the moment due to loading, assum- 
ing the floor-beam to be simply supported at both ends. 
Substituting these values of m in the above expression 
for work, and integrating by assuming the cross-sections 
of members to be so many constants, we get, 

^ Mp^b 3 MpM.h + (M, - MoYh 
"* 2EI,^ 3 EI, 

+ ^-|j ^Mj^ft + 2 Ml C Mdx+ C APdoc\' 

Since the values of Mq and M^ must be such as to make 
the total work of resistance in the frame a minimum, 
setting the first derivatives of © taken successively with 
respect to M^ and M^ equal to zero, we get, 

MJb M^h + 2 Mp/t _ 

3 A h Jo h 

from which 

h 

Mo = -x^^^ ^''^^ 

2 h 



Eliminating M^, 

h_ r^Mdx 
; h Jo l 



M = 3-^2*^0 H .... (229) 
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111. The integral J Mdx depends on the mode of 

symmetrical loading. For a single-track railway bridge 
loaded as shown in Fig. 85, we have, 

ft— g b-^a 

rMdx=-2f ' Wxdx-J * ir(^^W=-— (ft»-a»), 



SO that we get, 



h 



M« = - 



12/j/, 



(6' - a») 



(^JDC^^r}-C4J 



w. 



Jlfj = 



P-a* /b 2h\ 



a^F^jc^-fj-c-y 



PT 



(230) 



• . 



(23 



112. In a highway bridge, since the 
live and dead loads may be assumed to 
be uniformly distributed along the floor- 
beam length, designating by w the load 
per unit length, we get, 



I- 



w w 



b-a 

MB 




Fig. 85 



X 



Mdx = 

12 



I 



so that from Eqs. (228) and (229) we obtain for this 
case, 

-w 

• • (232) 



Jfn«- 



36//^ 



(j-yM-i-AyL^] 
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Jlf,= 






(M^JG^4}-G4-J 



(233) 



lis. Knowing M^ and ikf j, the moment at any point 
in each member can at once be found. 
In the post the maximum fibre stress 
calculated from such moment is to be 
combined with the intensity of direct 
stress which the post receives as the 
member of the truss, to obtain the 
greatest intensity of compression in the 
same. 

The upper strid is subjected to a compression of 



Fig. 86 



and a bending of M^ throughout its length. The p)or' 
beam sustains, beside a bending of 

Mi + M, 
a direct stress of the same amount but of opposite kind 
as that in the upper strut. The cross-section of the 
floor-beam is, however, generally so great that the direct 
stress produced in the same need hardly ever to be taken 
into account. 

If the upper strut were either hinged at both ends 
(Fig. 86) or its section so small that I^ may be entirely 
neglected, then Mo would disappear and 

Iz 



M, 



(3^43 



(a34) 
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The upper strut would be free of 
moment, and the direct stress 
simply equals 

h ■ 
114. In the bracing of Fig. 87 
with designations as given, by 
neglecting the effect of all direct 
stresses, we get for the work of 
resistance, 



U>-* 



/ 



u«- 



wXif'? 



+ ^J\m^+M)Hx. 



Differentiating this with respect to M, and Af, succes- 
sively, and setting the differential coefficients equal to 
zero, we get. 



/ , 



and 



m-f) 



f,+ / Mdx\ = o. 
Combining the two equations, we obtain, 
Y f Mdx 



6 hi. 
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2 hl^J^ 



h 



•^ ■ Mdx 



6hl^ '^ h 

The integral / Mdx is the same as in the preceding 

case. 
The stresses in the struts are, 

Mr 



^5= -no, 
e 



M. . Mo-Mi 



e f 

Example. — (i) In a single-track railway bridge with the 
cross-section of Fig. %^y given : 





h = 


= 1600 in.* 






h" 


= 800 in.* 






h = 


= 4800 in.* 






W ^ 


= 60,000 lbs. 




Ext. 


width of post =15 


in. 



required to find the maximum fibre stress caused in the posts. 
From Eqs. (230) and (231), 

20 (16' - 6*) 



12 X 800 X 4800 
-^0 = — -^-2 \-l -^—T^ 7 Ta 60,000 

/_i6_ ^ 40 \ 1 40 ^ 16 \ 1 20 Y 

\i6oo 2400/ \2400 4800/ \240o/ 
= —12,350 ft.-lbs. 

2S6_-36 /_i6_ ^ _40_\ 

4 X 4800 Vl 600 2400/ ^ r^ « 

Ml = ~23 =^— ^ 60,000 = 39,520 ft.-lbs. 

ooo 

1,440,000 



i68 
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Consequently the greatest fibre stress in the post is in 
this case found near to its lower end, and is in amount, 

5^1^ — — '— = 3700 lbs. per sq. in. 

(2) In a highway bridge with cross-section as shown in 
Fig. 89, to calculate the stresses in the post and struts due to 



iA< 



WLi 



iJS" 



fx^^xxyM 



T T 



^ 



— te — 

Fig. 88 



Mo 



9 



^M] 




4^,»B00IN« 



1 1 tliii 



I,"" seoo IN* 



Fig. 89 



constraint caused by a uniform load oi w = 3000 lbs. per ft. 
run, the dimensions being as given in the figure. 
From Eqs. (235) and (236), 



M,= 



3000 X 18' 

12 X 3600 



16 (60 + 4) 18 



= + 25,850 ft.-lbs. 



6 X 20 X 800 3600" 
t6 X 3000 X 18' 



M. 



__ 2 X 12 X 20 X 3600 _ 

"" 16(60+4) 18 """ 

"T 



10,340 ft.-lbs. 



6 X 20 X 800 3600 

The greatest fibre stress in the post will then be, 

25,850 X 12 X 8 



800 



= 3102 lbs. per sq. in. 
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The stresses in the upper struts are, 

AB = i^^ = + 2S8S lbs. 
4 

CD = - iHiM? _ i?!34i+£535£ ^ _ ^8 lb,. 
4 16 ' 

(3) Suppose, in the case of Fig. 88 and Example (i), the 
upper strut to be hinged at both ends ; then from Eq. (234) 
we get, 



Jf,= 



Ah 



ifp' -a^) 



2h b 



60,000 (16^ — 6') 

4 X 4800 

2 X 20 16 

T" 



= 34^375 ft'-lbs.. 



3/2 Iz 3 X 800 4800 



showing that the posts receive somewhat greater stresses 
from constraint, when the upper strut is firmly fixed to them. 

115. By Wind Pressure. — Wind pressure also pro- 
duces moment and direct 
stresses in posts forming a 
rigid frame, whenever the panel 
wind pressure is to be trans- 
ferred from one chord to an- 
other, — the distortion of the 
frame being as shown in Fig. 
90, in which the wind pressures, 
acting at the upper panel points 
are being brought down to the lower. This is simply a 
somewhat more general case of wind pressure discussed 
in Art. 20. From what has been there said, it will be 
easy to see that here again the points of contraflexure 
in the posts may be assumed to be at the same height. 




Fig. 90 
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Assuming the wind pressures 2 P to be resisted equally 
at C and Z?, we have 

Passing now a section through the point of contraflexure 
in the left-side post, . and representing with T and 5 the 
tangential and direct stresses acting at the section, we 
have as before, 

Taking moments successively at A, C, O, 5, and D, we 
cret 

-Sh - 2P {h- ho) = 0, 

M^ = - T {h - ho) - Sh =^ H {h - ho) =^ - M^ 
M^=Tho-Sh-2Ph = - Hho = - M^. 

Represent by 

m^ the moment at any point in the upper strut. 

^2 the moment at any point in the post. 

m, the moment at any point in the floor-beam. 

Neglecting the influence of all direct stresses as being 
inconsiderable when compared with moments, the total 
work of resistance due to the latter will be, 



^ rrnldx r^mldx ^ 

Jo 2 £/j t/o 2 EI2 Jo 



2£/8 

Referring to Fig. 90 and to the preceding equations, 
we have, 

Wi = 3foH ^T -x = H (h — ho) (-j- — i j , origin of :x? taken at^l. 

M — M 

W2 = Af H ^ X = H (x + ho — h)i origin of x taken at A. 

h 
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W8 = Jlfj + 



M^ 



— ^x = Hh^ f I 7- j, origin of x taken at C. 



Substituting these values of w in the expression for work, 
and integrating, we get, 



0> 



_ IP {h - h^yh iPh (h^ ^r^hhp + S V) H'hp'b 

6EI, ^ sEI^ "*" 6£/, ' 



Since the value of h^ must be such as to make the inter- 
nal work a minimum, the first derivative of © with re-^ 
spect to Hq set equal to zero will at once give, 



hn = 



b ,6h b 



h 



(237) 



This value of h^ substituted 
in the foregoing equations of 
moments, will give moments 
at aU points of each member. 
The direct stress in the post 
is nothing else than 

^ 2P(h-K) 




Fig. 9X 



116. With the bracing of Fig. 91, by referring back 

to Art. 22, it will at once be seen that here again 

P -h P 
2 

and taking moments at C, E, and O, 

M, = Tho = Hho, 
-56 -2P(^-Ao) = o. 
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Then at any point distant x from E we have the follow- 
ing moments in the post and floor-beam : 

M — M 

EtoF . . M,-^x = HaJi -^Y 

Neglecting the influence of all direct stresses, the total 
internal work may now be written, 



IPh 



m - Tp- 



2£/«^0 



Integrating, we get, 



ftf = 



|/(v - '*»/+ 7)+ ^ (/- ^^o)'} + 



Setting the first derivative of a> with respect to A, equal 
to zero, we get, 

-*»= 7-^ J- (238) 

f(>i + 2/)+f 

If we make /j = 00 in this, the equation would revert 
to that of the case of posts with the lower ends fixed — 
discussed in Art. 22. 

Examples. — In a through bridge 18 feet in width, an 
upper panel wind pressure amounting to 18,000 lbs. is to be 
brought down to the lower panel point at an intermediate 
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point in the truss. To calculate the stresses produced in the 
posts and bracing. 

In the case of Fig. 92 from Eq. (237), 



18 3 X 18.5 



hn = 



3600 



2400 



18 . 6 X 18.5 . 18 
+ ^ + 



X 18.5 = 9.9 ft, 



SO that 



3600 



2400 



12,000 



Mq = — 9000 (18.5 — 9.9) = — 77,400 ft.-lbs., 
M^ = 9000 X 9.9 = 89,100 ft.-lbs; 



9000 !_ 


^ 1, mm 8«00 IN ♦ 




9000 Lsa. 




WWW vv 




- 


1 


Mo 


m^^^ 




* 
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1 






» 




^ 1. w 2*00 IN* 






~* 


^ A - 80 IN* 
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Ml 


1 s * 12000 IN* 
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* 18 
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Fig. ga 



Fig. 93 



and since, by using the designation in Fig. 90, 

— 56 — 2 P (20 — ^0) = o> 

18,000 (20—9.9) ,, 

5 = ^'t; ^-^ = 10,100 lbs. 

18 

The maximum stress in the post will therefore be 

M. , S 80,100X12 10,100 

-r" X 10 ± — = — X 10 H = 4702 lbs. per sq^ m. 

A ^ 2400 30 ^'^ 

The stress in the upper strut due to bending is 

77,400 X 12 



3600 



X 18 = 4644 lbs. per sq. in. 
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In the case of Fig. 93, we have, from Eq. (238), 



-So" 



12 

2400 



(40 + 12) 



(20 + 24) + 



= 6.8 ft., 



so that 



2400 



12,000 



Jfo = — 9000 (12 — 6.8) = — 46,800 ft.-lbs., 
Afj = 9000 X 6.8 = 61,200 ft.-lbs., 

_ 18,000 (20 — 6.8) „ 

5 = ^^-r ' = 17,200 lbs. 

18 '^ 

The maximum stress in the post will therefore be 

61,200 X 12 1^,200 „ 

X 10 + -^ = 3500 lbs. per sq. m. 

2400 30 

The stresses in the bracing are 
obtained in the following manner : 

Passing a section through bracings 
and one of the points of contraflexure, ^^» 
as shown in Fig. 94, and considering 
the left portion, we have, by taking 
moment at A, 

-T(h-ho) - CDe = o, 

•p;rp, 9000 (20 — 6.8) „ „ 

CD^— ^-r = — 14,850 lbs. 

o 

Taking moment at D, 

- r(/~ ho) -Sb- 9oooe + ABe = o, 

- H (/- ho) + 2H(h- ho) - 90ooe + ABe = o, 

-r^ 9000 (20 — 6.8) ^ „ 

AB = - ^ ^ = - 14,850 lbs. 

o 

Since at the section 2 vert, forces = o, 




-^T 



/ 



Fig. 94 



— S — AD sin a = o, 
AD = im^zM = x8,ooo(30-6.8) _ ^^^^^ ^^^ 



b sin a 



18 X .4062 



— ^ 
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A PROOF OF THE THEOREMS OF CASTIGLIANO 

The following proof of the theorems is in its method 
essentially the same as that given by Professor Foppl in 
his " Technische Mechanik." Let a number of forces (or 
moments) P's be simultaneously and each gradually ap- 
plied on an elastic body, making corresponding displace- 
ments (or rotations) y's. 

Since the internal work equals the external work, we 
at once have 

0) denoting the amount of internal work. 

Suppose now that one of the forces, say P^, is a vari- 
able one, and receives a uniformly varying increment rfP„, 
which will be assumed to attain its ultimate amoimt 
simultaneously with P^ ; then, since each 3^ is a certain 
function of P^,, we have for the first derivative of any one 
term Py with respect to P,,, 

and so for all other terms, except PvVvj as P^ and y^ are 
both variable quantities. 
For this we have 

dP^ dP^ ""dP^ ^- 
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Summing up the results, we get 

f.-*^'^/*'- <•> 

If, on the other hand, we suppose the body in the first 
place to be acted on by all the P's and to these dP^ to be 
subsequentiy added, the ultimate amount of the » will 
be the same as in the preceding case. In the present 
case, the gradual application of dF^ changes y of any one 
force P by dy with respect to P^^ whereby the force which 
remains constant performs the work 

Pdy, 

and so with other forces including P^- 

The work performed by dP^ itself amounts to 

As this latter, however, is a quantity of the second order, 
we may neglect it in comparison with the increment of 
works performed by the forces themselves, and put 

dP, dP^ ^ ^ 

Combining equations (a) and (6) we get 

dP, *^'^(iP, *^^ ^"^dP, 
from which 

d<a _ 
dP„ ^^ 

which proves the first theorem. 

The second theorem is, as already explained, a special 
case of the first one, and is at once deducible from the 
latter. 
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TEMPERATURE STRESSES IN VIADUCT BENTS 

{Being a supplement to Chap. II) 

The temperature stresses in an ordinary viaduct bent 
are often not possible of combination with stresses aris- 
ing from other causes, unless the temperature at the time 
of erection is exactly known. The following discussion 
concerns the stresses produced by any given change in 
temperature alone. 
Let 

/ — the range of a temperature 

change ; 
^— coefficient of expansion and 

contraction. 

Then in the bent of Fig. i 
a rise of / above an initial 
temperature would increase 
the distance b between the posts by tOb were the latter 
free to move. 

However, the lower ends of the posts being assumed 
to be firmly fixed, moment and horizontal reaction would 
be produced at each end; each horizontal reaction H 
acting, as it were, through a distance of 

tSh 

■' ■ • 
2 

Calling the moments producing compression on the 

177 
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outside fibre of the frame positive, we have for the bend- 
ing moment at any point in the post, 

and in the cross-girder, 

M - Hh. 

Then, neglecting the eflFect of direct stresses, we get 
for the internal work in the frame, 



CD B 

EI 



^ f\M-Hxy dx + — i— f\M - Hhydx 

r/j Jq 2 Ell Jo 

- (up- HMh + ^^^ + — ^ (M - Hh)\ 



in which /j and I^ denote the moments of inertia of the 
cross-girder and posts respectively, and E the modulus 
of elasticity of the material. 
Then, according to the principles of work, 

if^ - o, ^ - tOh. 

dM dH 

So that we at once get 

j-(2M-Hh) + ^(M - Hh) - o, 

A(3j|f _ 2m) + I (M - Hh) - - :^, 
3^a h h 

from which 

H^2hh±^^ 

h {hi I + hh) 

hIi-¥ bh\3EU9b 



j^^( hh^hh \zm 

\hli+2blj h^ 
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In case the lower ends of the posts are hinged, ilf = o, 
so that we get 

U = / 3/1/2 N £^ 

\2hli+ 3blJ h^ 

Referring to the numerical example given on page 27, 
for 

/ « 50^ Fah., 
6 «= .000007, 

E » 30,000,000 lbs. per sq. in«| 
we get 

M = 263,400 in.-lbs., 
H « 2840 lbs., 
M ~ Hh -» 247,800 in.-lbs., 

and for the same with lower ends of posts hinged, 

H = 707 lbs., 

— Hh « 127,260 in.-lbs., 

showing that the moment in the post due to tempera- 
ture change is very much augmented by rigid connec- 
tions, while against horizontal forces the reverse would be 
true — a fact perhaps so well known as to hardly require 
any further comment. 

Longitudinally, the temperature stresses produced in 
the posts also differ considerably according to the modes 
of connection made between the girder and the posts and 
the number of spans so connected. 

Suppose that in Fig. 2, two continuous spans are fixed 
longitudinally at C and movable at A and the posts 
firmly fixed at D and rigidly riveted to the girder. 
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Then a rise / in temperature will tend to displace 
the point B with respect to D by tOl^ so that H would 
be acting, as it were, through that distance in the direc- 
tion as shown in the figure. 



-2-Z- 



B 



Is 




"A 



^H 



w/m. 



Pic a 

Calling moments producing compression on the upper 
fibre of the girder and on the left side one of the post 
positive, we have for moment at any point of 

AB Rx with origin oi x 21 A^ 

BD M " Hx " " " X at D, 

m + M - Hh 



BC 



I 



X 



« it 



X at C. 



Again neglecting the effect of direct stresses, we get 
for the internal work in the frame, 



0> 






in which Z, and I^ represent the moments of inertia of 
the girder and posts respectively, both considered as be- 
ing constant throughout. 



APPENDIX l8l 



Then since according to the principles of work 



JCO ./]7 Jo> (^Cl> 

dH dM ' dR 



we get 



^(Hh'M-- RI)-h^(2Hh^ 3jlf)-l|^, 
— (H - M A - i?/) + ^ (H^ - 2 M) - o, 

from which 

\2ll^+ 3 hi J h^ ' 

" \2 //4 + 3 Ws/ A» 

If the lower ends of the posts were hinged at Z?, M 
would disappear, so that we get 

6 met 



V/4 + 2 /^V ^ 



Again referring to the previous example and assuming 



■^8 ■" 30,000 in.* 


/ - SO ft 


I^ « 1000 in.* 


/t - IS ft 


the case of fixed posts, 




M — 1,126,400 in.-lbs., 




H »=- 12,290 lbs., 




M — JEf/t « 1,085,800 in.-lbs. 
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A comparison of such figures will show that in most 
cases occurring in practice, the max. moment in the post 
when the latter is firmly connected to the girder and to 
the foundation may, without material error, be assumed 
to be twice that produced when either end is hinged. 

The combined action of lateral and longitudinal mo- 
ments is to throw the greatest compression, in the above 
case, on the outermost comer on the left side of the post 
base, where it would amount to, for a 12-in. square post 
with / = 1000 in.* in either direction: 

263,400 ^ ^ + i>i26,4oo ^ ^ ^ 3^^^ j^^ p^^ ^q .^ 
1000 1000 

By applying the foregoing computations to any form 
of post sections, it will at once be seen that a considerable 
stress is produced in certain portions of the column, in 
the kind of bent discussed, under changes of temperature 
which are not imconmion. 
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Begtrup, J. The Slide Valve Svo, *2 00 

Bender, C. £. Continuous Bridges. (Science Series No. 26.) 

i6mo, o 50 
Proportions of Pins used in Bridges. (Science Series No. 4.) 

i6mo, o 50 

Bengough, G. D. Brass. (Metallurgy Series) (In Press.) 

Bennett, H. G. The Manufacture of Leather Svo, '''5 00 

Bemthsen, A. A Text-j^ook of Organic Chemistry. Trans, by 

G, M'Gowan i2mo, *3 00 

Bersch, J. Manufacture of Mineral and Lake Pigments. Trans. 

by A. C. Wright Svo, *5 00 

Bertin, L. £. Marine Boilers. Trans, by L. S. Robertson. .Svo, 5 00 

Beveridge, J. Papermaker's Pocket Book iimo, "^4 00 

Binnie, 'Sir A. Rainfall Reservoirs and Water Supply. .Svo, *s 00 

Binns, C. F. Manual of Practical Potting Svo, *7 50 

The Potter's Craft i2mo, ^2 00 

Birchmore, W. H. Interpretation of Gas Analysis i2mo, *i 25 

Blaine, R. G. The Calculus and Its Applications i2mo, *i 50 

Blake, W. H. Brewer's Vade Mecum Svo, *4 00 

Blasdale, W- C. Quantitative Chemical Analysis. (Van 

Nostrand's Textbooks) i2mo, *2 50 

Bligh, W. G. The Practical Design of Irrigation Works. .Svo, *6 00 

Block, L. Science of Illumination. (Trans, by W. C. 

Clinton) Svo, *2 50 

Blok, A. Illumination and Artificial Lighting i2mo, '''i 25 

Blucher, H. Modem Industrial Chemistry. Trans, by J. P. 

Millington Svo, *7 50 

Blyth, A. W. Foods: Their Composition and Analysis. ..Svo, 7 50 
Poisons: Their Effects and Detection Svo, 7 50 
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Bockmann^ F. Celluloid zimo, *2 50 

Bodmer, G. R. Hydraulic Motors and Turbines iimo, 5 00 

Boileau,, J. T. Traverse Tables 8vo, 5 00 

Bonney, G. £• The Electro-plater's Handbook i2mo, i 50 

Booth, N. Guide to Ring-Spinning Frame i2mo, '*'i 25 

Booth, W. H. Water Softening and Treatment 8vo, *2 50 

Superheaters and Superheating and their Control. ..8 vo, '''i 50 

Bottcher, A. Cranes: Their Construction, Mechanical Equip- 

• 

ment and Working. Trans, by A. Tolhausen. . . .4to, *io 00 
Bottler, M. Modem Bleaching Agents. Trans, by C. Salter. 

i2mo, *2 50 

Bottone, S. R. Magnetos for Automobilists i2mo, '^'i 00 

Boulton, S. B. Preservation of Timber. (Science Series No. 

82.) i6mo, 050 

Bourcart, E. Insecticides, Fungicides and Weedkillers. . .8vo, *4 50 
Bourgougnon, A. Physical Problems. (Science Series No. 113.) 

i6mo, o 50 
Bourry, E. Treatise on Ceramic Industries. Trans, by 

A. B. Searle 8vo, *5 00 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining. 8vo, 5 00 

Bowles, 0. Tables of Common Rocks. (Science Series, 

No. 125) i6mo, 050 

Bowser, E. A. Elementary Treatise on Analytic Geometry. i2mo, i 75 

Elementary Treatise on the Differential and Integral 

Calculus i2mo, 2 25 

Bowser, E. A. Elementary Treatise on Analytic Mechanics, 

i2mo, 3 00 

Elementary Treatise on Hydro-mechanics i2mo, 250 

A Treatise on Roofs and Bridges i2mo, *2 25 

Boycott, G. W. M. Compressed Air Work and Diving. .8vo, *4 00 

Bragg, E. M. Marine Engine Design i2mo, ^^2 00 

Design of Marine Engines and Auxiliaries *3 00 

Brainard, F. R. The Sextant. (Science Series No. ioi.).i6mo, 

Brassey's Naval Annual for 19 15. War Edition 8vo, 4 00 

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series 

No. 67.) i6mo, o 50 
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Bright, C. The Life Story of Sir Charles Tilson Bright. .Svo, "^4 50 

Brislee^ T. J. Introduction to the Study of Fuel. (Outlines 

of Industrial Chemistry.) 8vo, *3 00 

Broadfoot, S. K. Motors Secondary Batteries. (Installation 

' Manuals Series.) lamo, *o 75 

Broughton, H. H. Electric Cranes and Hoists *9 00 

Brown, 6. Healthy Foundations. (Science Series No. 80.). i6mOy o 50 

Brown, H. Irrigation 8vo, *5 00 

Brown, H. Rubber 8vo, *2 00 

Brown, W. A. Portland Cement Industry Svo, 3 00 

Brown, Wm. N. The Art of Enamelling on Metal i2mo, ""i 00 

Handbook on Japanning lamo, *i 50 

House Decorating and Painting iimo, *i 50 

History of Decorative Art i2mo, *i 25 

Dipping, Burnishing, Lacquering and Bronzing Brass 

Ware i2mo, *i 00 

Workshop Wrinkles 8vo, *i 00 

Browne, C. L. Fitting and Erecting of Engines Svo, *i 50 

Browne, R. £. Water Meters. (Science Series No. 8i.).i6mo, o 50 

Bruce, E. M. Pure Food Tests iimo, *i 25 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and 

Leather Dressings. Trans, by C. Salter Svo, *$ 00 

Buel, R. H. Safety Valves. (Science Series No. 21.) . . .i6mo, o 50 

Burley, 6. W. Lathes, Their Construction and Operation, 

i2mo, I 25 

Burnside, W. Bridge Foundations i2mo, *i 50 

Burstall, F. W. Energy Diagram for Gas. With text. ..Svo, i 50 

Diagram sold separately *i 00 

Burt, W. A. Key to the Solar Compass i6mo, leather, 2 50 

Buskett, E. W. Fire Assaying i2mo, ^i 25 

Butler, H. J. Motor Bodies and Chasis Svo, *2 50 

Byers, H. 6., and Knight, H. G. Notes on Qualitative 

Analysis Svo, *i 50 
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Cain, W. Brief Course in the Calculus i2mo, *i 75 

Elastic Arches. (Science Series No. 48.) i6mo, o 50 

Maximum Stresses. (Science Series No. 38.) i6mo, o 50 

Practical Dsigning Retaining of Walls. (Science Series 

No. 3.) i6mo, o 50 

Theory of Steel-concrete Arches and of Vaulted Struc- 
tures. (Science Series, No. 42) i6mo, o 50 

Theory of Voussoir Arches. (Science Series No. 12.) 

i6mo, o 50 

Symbolic Algebra. (Science Series No. 73.) i6mo, o 50 

Carpenter, F. D. Geographical Surveying. (Science Series 

No. 37.) i6mo. 

Carpenter, R. C, and Diederichs, H. Internal-Combustion 

Engines 8vo, *5 00 

Carter, H. A. Ramie (Rhea), China Grass i2mo, *2 00 

Carter, H. R. Modern Flax, Hemp, and Jute Spinning. . .8vo, *3 00 

Bleaching, Dyeing and Finishing of Fabrics 8vo, *i 00 

Cary, E. R. Solution of Railroad Problems With the Use of 

the Slide Rule i6mo, *i 00 

easier, M. D. Simplified Reinforced Concrete Mathematics, 

i2mo, '^'i 00 

Cathcart, W. L. Machine Design. Part I. Fastenings . . . 8vo, *3 00 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic 

Statics 8vo, *3 00 

Short Course in Graphics i2mo, i 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chem- 
istry i2mo, *2 00 

Chalkley, A. P. Diesel Engines 8vo, *4 00 

Chambers' Mathematical Tables 8vo, i 75 

Chambers, G. F. Astronomy i6mo, *i 50 

Chappel, E. Five Figure Mathematical Tables 8yo, *2 00 

Chamock. Mechanical Technology 8vo, *s 00 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science 

Series.) i6mo, o 50 

How to Use Water Power i2mo, *i 00 

Gyrostatic Balancing 8vo, *i 00 
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Child, C. D. Electric Arcs 8yo, '''a oo 

Christian, M. Disinfection and Disinfectants. Trans, by 

Chas. Salter i2mo, 2 00 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming, 

8vo, *3 00 

Chimney Design and Theory 8vo, *3 00 

Furnace Draft. (Science Series, No. 123) i6mo, o 50 

Water, Its Purification and Use in the Industries Svo, *2 00 

Church's Laboratory Guide. Rewritten by Edward Kinch.Svo, *i 50 

Clapham, J. H. Woolen and Worsted Industries Svo, * 2 00 

Clapperton, 6. Practical Papermaking Svo, 2 50 

Clark, A. G. Motor Car Engineering. 

Vol. I. Construction *3 00 

Vol. II. Design (/n Press.) 

Clark, C. H. Marine Gas Engines i2mo, *i 50 

Clark, J. M. New System of La3ring Out Railway Turnouts, 

i2mo, I 00 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers' Materials. .Svo, *4 00 

Vol. II. Sanitary Plumbing and Fittings (In Press.) 

Vol. III. Practical Lead Working on Roofs (In Press.) 

Clarkson, R. B. Elementary Electrical Engineering. 

^ (In Press.) 

Clausen-Thue, W. ABC Universal Commercial Telegraphic 

Code. Sixth Edition (In Press.) 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. 

(Science Series No. 62.) i6mo, o 50 

Clevenger, S. R. Treatise on the Method of Government 

Surveying i6mo, mor., 2 50 

Clouth, F. Rubber, Gutta-Percha, and Balata Svo, "^5 00 

Cochran, J. Treatise on Cement Specifications Svo, '^'i 00 

Concrete and Reinforced Concrete Specifications Svo, *2 50 

Cochran, J. Inspection of Concrete Construction Svo, '''400 

Cocking, W. C. Calculations for Steel-Frame Structures. i2mo, 2 25 

Coffin, J. H. C. Navigation and Nautical Astronomy.. i2mo, *3 50 
Colbum, Z., and Thurston, R. H. Steam Boiler Explosions. 

(Science Series No. 2.) i6mo, o 50 
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Cole, R. S. Treatise on Photographic Optics i2mo, i 50 

Coles-Finch, W. Water, Its Origin and Use 8vo, *5 00 

Collins, J. £. Useful AUoys and Memoranda for Goldsmiths, 

Jewelers i6mo, o 50 

Collis, A. 6. High and Low Tension Switch-Gear Design. Svo, "^3 50 

Switchgear. (Installation Manuals Series.) lamo, o 50 

Comstock, D. F., and Troland, L. T. The Nature of Matter 

and Electricity i2mo, 2 00 

Coombs, H. A. Gear Teeth. (Science Series No. 120). . . i6mo, o 50 

Cooper, W. R. Primary Batteries 8vo, *4 00 

Copperthwaite, W. C. Tunnel Shields 4to, *9 00 

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) i6mo, o 50 

Water and Water-Supply. (Science Series No. 17.) . . i6mo, 50 

Cornwall, H. B. Manual of Blow-pipe Analysis 8vo, '^2 50 

Cowee, G. A. Practical Safety Methods and Devices Svo, *3 00 

Cowell, W. B. Pure Air, Ozone, and Water i2mo, *2 00 

Craig, J. W., and Woodward, W. P. Questions and Answers 

about Electrical Apparatus i2mo, leather, i 50 

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) 

i6mo, o 50 

Wave and Vortex Motion. (Science Series No. 43.) . i6mo, o 50 

Cramp, W. Continuous Current Machine Design Svo, *2 50 

Creedy, F. Single-Phase Commutator Motors Svo, *2 00 

Crehore, A. C. Mystery ot Matter and Energy i2mo, i 00 

Crocker, F. B. Electric Lighting. Two Volumes. 8vo. 

Vol. I. The Generating Plant 3 00 

Vol. II. Distributing Systems and Lamps 

Crocker, F B., and Arendt, M. Electric Motors Svo, *2 50 

and Wheeler, S. S. The Management of Electrical Ma- 
chinery I2m0, *I GO 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and 

Its Applications. (Westminster Series.) Svo, *a 00 

Crosskey, L. R. Elementary Perspective Svo, i 25 

Crosskey, L. R., and Thaw, J. Advanced Perspective Svo, i 50 

Culley, J. L. Theory of Arches. (Science Series No. 87.) . i6mo, o 50 
Gushing, H. C, Jr., and garrison, N. Central Station Man- 
agement *2 00 

Dadourian, H. M. Analytical Mechanics Svo. *s 00 
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Dana, R. T. Handbook of Construction Plant. .lamo, leather, *$ oo 
Handbook of Construction Efficiency (In Press.) 

Danby, A. Natural Rock Asphalts and Bitumens Svo, *a 50 

Davenport, C. The Book. (Westminster Series.) 8vo, *2 00 

Davey, N. The Gas Turbine 8vo, ^4 00 

Da vies, F. H. Electric Power and Traction 8vo, ^2 00 

Foundations and Machinery Fixing. (Installation Manuals 

Series) i6mo, *i 00 

Deerr, N. Sugar Cane Svo, 8 00 

Deite, C. Manual of Soapmaking. Trans, by S. T. King. .4to, *5 00 
De la Coux, H. The Industrial Uses of Water. Trans, by A. 

Morris 8vo, *4 50 

Del Mar, W. A. Electric Power Conductors Svo, *2 00 

Denny, G. A. Deep-Level Mines of the Rand 4to, *io 00 

Diamond Drilling for Gold *5 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.). . . i6mo, o 50 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Maintenance of Way Engineering (In Preparation.) 

Desaint, A. Three Hundred Shades and How to Mix Them. 

8vo, 8 00 

De Varona, A. Sewer Gases. (Science Series No. 55.)...i6mo, o 50 
Devey, R. G. Mill and Factory Wiring. (Installation Manuals " 

Series.) i2mo, *i 00 

Dibdin, W. J. Purification of Sewage and Water Svo, 6 50 

Dichman, C. Basic Open-Hearth Steel Process Svo, *3 50 

Dieterich, E. Analysis of Resins, Balsams, and Gum Resins 

Svo, *3 00 

Dilworth, E. C. Steel Railway Bridges 4to, *4 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery 

i2mo. *2 00 

Dixon, D. B. Machinist's and Steam Engineer's Practical Cal- 
culator i6mo, mor., i 25 

Dodge, G. F. Diagrams for Designing Reinforced Concrete 

Structures folio, *4 00 

Dommett, W. E. Motor Car Mechanism i2mo, *i 50 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, mor., 2 00 
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Draper, C« H. Elementary Text-book of Light, Heat and 

Sound i2mo, i 00 

Draper, C. H. Heat and the Principles of Thermo-dynamics, 

i2mo, 2 00 

Dron, R. W. Mining Formulas iimo, i 00 

Dubbel, H. High Power Gas Engines 8vo, *$ 00 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and 

Extracts 8vo, *4 50 

>uncan, W. G., and Penman, D. The Electrical Equipment of 

Collieries 8vo, *4 00 

Dunkley, W. G. Design of Machine Elements 2 vols. 

i2mo, each, *i 50 
Dunstan, A. £., and Thole, F. B. T. Textbook of Practical 

Chemistry i2mo, *i 40 

Durham, H. W, Saws 8vo, 2 50 

Duthie, A. L. Decorative Glass Processes. (Westminster 

Series) 8vo, *2 00 

Dwight, H. B. Transmission Line Formulas Svo *2 00 

Dyson, S. S. Practical Testing of Raw Materials Svo, *5 00 

and Clarkson, S. S. Chemical Works Svo, *7 5c 

Eccles, W. H. Wireless Telegraphy and Telephony. .i2mo, *4 50 

Eck, J. Light, Radiation and Illumination. Trans, by Paul 

Hogner Svo, *2 50 

Eddy, H. T. Maximum Stresses under Concentrated Loads, 

Svo, I 50 
Eddy, L. C. Laboratory Manual of Alternating Currents, 

i2mo, o 50 

Edelman, P. Inventions and Patents i2mo *i 50 

Edgcumbe, E. Industrial Electrical Measuring Instruments . 

Svo, (In Press.) 
Edler, R. Switches and Switchgear. Trans, by Ph. Laubach. 

Svo, *4 00 

Eissler, M. The Metallurgy of Gold Svo, 7 50 

The Metallurgy of Silver Svo, 4 00 

The Metallurgy of Argentiferous Lead Svo, 5 00 

A Handbook of Modern Explosives Svo, 5 00 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams 

folio, *3 00 
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Electric Light Carbons, Manufacture of Svo, z oo 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualita- 
tive Chemical Analysis i2mo, *i 25 

Ellis, C. Hydrogenation of Oils Svo, (In Press.) 

Ellis, 6. Modern Technical Drawing Svo, *2 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils Svo, *4 00 

Applied Thermod3mamics Svo, *4 50 

Flying Machines To-day lamo, *i 50 

Vapors for Heat Engines lamo, *i 00 

Ermen, W. F. A. Materials Used in Sizing Svo, '''2 00 

Erwin, M. The Universe and the Atom z2mo, '''2 00 

Evans, C. A. Macadamized Roads (In Press,) 

Ewing, A. J. Magnetic Induction in Iron Svo, *4 00 

Fairie, J. Notes on Lead Ores i2mo, *! 00 

Notes on Pottery Clays i2mo, *i 50 

Fairley, W., and Andre, Geo. J. Vertilation of Coal Mines. 

(Science Series No. 5S.) i6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws . . .Svo, "^3 00 

Falk, M. S. Cement Mortars and Concretes Svo, ""2 50 

Fanning, J. T. Hydraulic and Water-supply Engineering. Svo, *5 00 

Fay, I. W. The Coal-tar Colors Svo, *4 00 

Fernbach, R. L. Glue and Gelatine Svo, *3 00 

Firth, J. B. Practical Physical Chemistry i2mo, *z 00 

Fischer, E. The Preparation of Organic Compounds. Trans. 

by R. V. Stanford z2mo, *z 25 

Fish, J. C. L. Lettering of Working Drawings Oblong Svo, z 00 

Mathematics of the Paper Location of a Railroad, 

i2mo, paper, "^^o 25 
Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing. 

Svo, *3 50 
Fleischmann, W. The Book of the Dairy. Trans, by C. M. 

Aikman Svo, 4 00 

Fleming, J. A. The Alternate-current Transformer. Two 

Volumes Svo, 

Vol. I. The Induction of Electric Currents *5 00 

Vol. n. The Utilization of Induced Currents *5 00 
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Fleming, J, A. Propagation of Electric Currents 8vo, *3 oo 

A Handbook for the Electrical Laboratory and Testing 

Room. Two Volumes 8vo, each, *$ oo 

Fleury, P. Preparation and Uses of White Zinc Paints . . 8vo, *2 50 

Flynn, P. J. Flow of Water. (Science Series No. 84.) . i2mo, o 50 

Hydraulic Tables. (Science Series No. 66.) i6mo, o 50 

Forgie, J. Shield Tunneling 8vo. (/» Press.) 

Foster, H. A. Electrical Engineers' Pocket-book. (Seventh 

Edition.) ! i2mo, leather, 5 00 

. Engineering Valuation of Public Utilities and Factories, 

8vo, *3 00 

Handbook of Electrical Cost Data 8vo. (In Press) 

Fowle, F. F. Overhead Transmission Line Crossings .. . .i2mo, *i 50 

The Solution of Alternating Current Problems 8vo (In Press.) 

Fox,W«G« Transition Curves. (ScienceSeriesNo. iio.).i6mo, o 50 
Fox, W., and Thomas, C. W. Practical Course in Mechanical 

Drawing i2mo, i 2j 

Foycyj. C. Chemical Problems. (ScienceSeriesNo. 69.)* i6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.). 

i6mo, o 50 

Fraacis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Franzeuj H. Exercises in Gas Analysis i2m0j '^'i 00 

Freudemacher, P. W. Electrical Mining Installations. (In- 
stallation Manuals Series.) i2mo, *i 00 

Frith, J. Alternating Current Design 8vo, *2 00 

Fritsch, J. Manufacture of Chemical Manures. Trans, by 

D. Grant 8vo, *4 00 

Fiye, A. I. Civil Engineers' Pocket-book i2mo, leather, *5 00 

Fuller, G. W. Investigations into the Purification of the Ohio 

River 4to, ♦lo 00 

Fumell, J. Paints, Colors, Oils, and Varnishes 8vo, *i 00 

Gairdnefy J. W. I. Earthwork 8vo (/n Press.) 

Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, *4 50 

Gardner, H. A. Paint Researches and Their Practical 

Application 8vo, *5 00 
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Garforth, W. £. Rules for Recovering Coal Mines after Explo- 
sions and Fires i2mo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear 8vo, *6 00 

Gaudard, J. Foundations. (Science Series No. 34.) i6mo, o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Dis- 
tributing Systems 8vo, 3 00 

Geerligs, H. C. P. Cane Sugar and Its Manufacture 8vo» *5 00 

Geikie, J. Structural and Field Geology 8vo, *4 00 

Mountains, Their Origin, Growth and Decay 8vo, *4 00 

The Antiquity of Man in Europe 8vo, *3 00 

Georgi, F., and Schubert, A. Sheet Metal Working. Trans. 

by C. Salter 8vo, 3 00 

Gerhard, W. P. Sanitation, Water-supply and Sewage Dis- 
posal of Country Houses i2mo, *2 00 

Gas Lighting. (Science Series No. iii.) i6mo, o 50 

Gerhard, W. P. Household Wastes. (Science Series No. 97.) 

i6mo, o 50 
House Drainage. (Science Series No. 63.) i6mo o 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) 

i6mo, o 50 

Gerhardi, C. W. H. Electricity Meters 8vo, *4 00 

Geschwind, L. Manufacture of Alimi and Sulphates. Trans. 

by C. Salter 8vo, *5 00 

Gibbings, A. H. Oil Fuel Equipment for Locomotives . . . 8vo, *2 50 

Gibbs, W. E. Lighting by Acetylene i:imo, *i 50 

Gibson, A. H. Hydraulics and Its Application 8vo, *5 00 

Water Hammer in Hydraulic Pipe Lines lamo, *2 00 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder . 4to, *3 50 

Gilbreth, F. B, Motion Study i2mo, *2 oo 

Bricklaying System 8vo, *3 00 

Field System i2mo, leather, *3 00 

Primer of Scientific Management i2mo, *i 00 

Gillette, H. P. Handbook of Cost Data i2mo, leather, *5 00 

Rock Excavation Methods and Cost i2mo, leather, *5 00 

Handbook of Earth Excavation (In Press.) 

Handbook of Tunnels and Shafts, Cost and Methods 

of Construction (In Press.) 

Handbook of Road Construction, Methods and Cost. .(In Press.) 
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Gillette, H. P., and Dana, R. T. Cost Keeping and Manage- 
ment Engineering 8vo, 

and Hill, C. S. Concrete Construction, Methods and 

Cost 8vo, 

Gillmore, Gen. Q. A. Roads, Streets^ and Pavements. . .i2mo, 
Godfrey, £. Tables for Structural Engineers. .i6mo, leather. 

Gelding, H. A The Theta-Phi Diagram i2mo, 

Goldschmidt, R. Alternating Current Commutator Motor . 8vo, 
Goodchild, W. Precious Stones. (Westminster Series.). 8 vo, 

Goodeve, T. M. Textbook on the Steam-engine i2mo, 

Gore, G. Electroljrtic Separation of Metals 8vo, 

Gould, £. S. Arithmetic of the Steam-engine i2mo, 

Calculus. (Science Series No. 112.) i6mo, 

High Masonry Dams. (Science Series No. 22.) . . . i6mo, 

Practical Hydrostatics and Hydrostatic Formulas. (Science 

Series No. 117.) i6mo, 

Gratacap, L. P. A Popular Guide to Minerals 8vo, 

Gray, J. Electrical Influence Machines i2mo, 

Gray, J. Marine Boiler Design i2mo, 

Greenhill, G. Dynamics of Mechanical Flight 8vo. 

Gregorius, R. Mineral Waxes. Trans, by C. Salter . . . i2mo, 
Grierson, R. Modern Methods of Ventilation 8vo, 

Griffiths, A. B. A Treatise on Manures i2mo, 

Griffiths, A. B. Dental Metallurgy 8vo, 

Gross, E. Hops Svo, 

Grossman, J. Ammonia and its Compounds iimo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electric- 
ity. (Westminster Series.) 8vo, 

Grover, F. Modern Gas and Oil Engines Svo, 

Gruner, A. Power-loom Weaving Svo, 

Giildner, Hugo. Internal-Combustion Engines. Trans, by 

H. Diedrichs T 4to, 15 00 
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Gunther, C. 0. Integration 8vo, *i 25 

Gurden, R. L. Trayerse Tables folio, half mor., *7 50 

Guy, A. £. Experiments on the Flexure of Beams 8vo, *i 25 

Eaenig, A. Emery and the Emery Industry 8yo, 

Hainbach, R. Pottery Decoration. Trans, by C. Salter. i2mo, 

Hale, W. J. Calculations of General Chemistry i2mo, 

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo. 

Hall, G. L. Elementary Theory of Alternate Current Work- 
ing 8vo, 

HaU, R. H. Governors and Governing Mechanism i2mo. 

Hall, W. S. Elements of the Differential and Integral Calculus 

8vo, 

Descriptive Geometry 8vo volume and 4to atlas, 

Haller, G. F., and Cunningham, £. T. The Tesla Coil i2mo, 

Halsey, F. A. Slide Valve Gears i2mo, 

The Use of the Slide Rule. (Science Series No. 114.) 

i6mo, o 50 
Worm and Spiral Gearing. (Science Series No. 116.) 

i6mo, o 50 

Hancock, H. Textbook of Mechanics and Hydrostatics Svo, i 50 

Hancock, W. C. Refractory Materials. (Metallurgy Series. (/nPr^^j.) 

Hardy, E. Elementary Principles of Graphic Statics i2mo, *i 50 

Earing, H. Engineering Law. 

Vol. I. Law of Contract Svo, *4 00 

Harper, J. H. Hydraulic Tables on the Flow of Water. i6mo, *2 00 

Harris, S. M. Practical Topographical Surveying (In Press.) 

Harrison, W. B. The Mechanics' Tool-book i2mo, i 50 

Hart, J. W. External Plumbing Work Svo, *3 00 

Hints to Plumbers on Joint Wiping. Svo, 

- — Principles of Hot Water Supply Svo, 

Sanitary Plumbing and Drainage Svo, 
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Haskins, C. H. The Galvanometer and Its Uses i6mo, 

Hatt, J. A. H. The Colorist square i2mo, 

Hausbrand, E. Drying by Means of Air and Steam. Trans. 

by A. C. Wright i2mo, 

Evaporating, Condensing andTooling Apparatus. Trans. 

by A. C. Wright Svo, *5 00 
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Hausmann, £. Telegraph Engineering Svo, *3 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. 

Trans, by A. Morris and H. Robson. 8vo, *3 00 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete 

Design 4to, *2 50 

Hay, A. Continuous Current Engineering 8vo, '''2 50 

Hayesy H. V. Public Utilities, Their Cost New and Deprecia- 
tion 8vo, *2 -00 

Public Utilities, Their Fair Present Value and Return, 

8vo, *2 00 

Heath, F. H. Chemistry of Photography 8vo (In Press,) 

Heather, H. J. S. Electrical Engineering Svo, *$ 50 

Heaviside, 0. Electromagnetic Theory. 

Vols. I and II 8vo, each, *5 00 

Vol. Ill 8vo, *7 50 

Heck, R. C. H. Steam Engine and Turbine 8yo» *3 50 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics Svo, *3 50 

Vol. II. Form, Construction and Working Svo, *5 00 

Notes on Elementary Kinematics Svo, boards, *i 00 

Graphics of Machine Forces Svo, boards, * i 00 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright. 

i2mo, *2 50 
Heidenreich, E. L. Engineers' Pocketbook of Reinforced 

Concrete i6mo, leather, *3 00 

Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and 

Cotton Svo, *2 00 

Henrici, O. Skeleton Structures Svo, i 50 

Hering, C, and Getmann, F. H. Standard Tables of Electro- 
chemical Equivalents *2 00 

Hering, D. W. Essentials of Physics for College Students. 

Svo, *i 75 
Hering-Shaw, A. Domestic Sanitation and Plumbing. Two 

Vols Svo, *5 00 

Elementary Science Svo, *2 00 

Herington, C. F. Powdered Coal as a Fuel (In Press.) 

Hermann, G. The Graphical Statics of Mechanism. Trans. 

by A. P. Smith i2mo, 2 00 

Herzfeld, J. Testing of Yarns and Textile Fabrics Svo, *3 50 
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Hildebrandt, A. Airships, Past and Present 8vo, *3 50 

Hildenbrand, B. W. Cable-Making. (Science Series No. 32.) 

i6mo, o 50 

Hilditch, T. P. Concise History of Chemistry i2mo, *i 25 

Hill, C. S. Concrete Inspection i6mo, *i 00 

Hill, C. W. Laboratory Manual and Notes in Beginning 

Chemistry (/n Press.) 

Hill, J. W. The Purification of Public Water Supplies. New 

Edition {In Press,) 

Interpretation of Water Analysis (In Press.) 

Hill, M. J. M. The Theory of Proportion 8vo, *2 50 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) 

i6mo, o 50 
Statically-Indeterminate Stresses i2mo, *2 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science 

Series No. 45) i6mo, o 50 

Hoar, A. The Submarine Torpedo Boat lamo, *2 00 

Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

Design of Static Transformers i2mo, *2 00 

Electricity 8vo, *2 00 

Electric Trains 8vo, *2 50 

Electric Propulsion of Ships 8vo, *2 50 

Hobart, J. F. Hard Soldering, Soft Soldering, and Brazing . 

i2mo, *i 00 
Hobbs, W. R. P. The Arithmetic of Electrical Measurements 

i2mo, o 50 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, *i 50 

Hole, W. The Distribution of Gas 8vo, *7 50 

HoUey, A. L. Railway Practice folio, 6 00 

Hopkins, N. M. Model Engines and Small Boats i2mo, i 25 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic 

Electricity. (Science Series No. 71.) i6mo, o 50 

Horner, J. Practical Ironfounding Svo, *2 00 

Gear Cutting, in Theory and Practice Svo, *3 00 

Houghton, C. E. The Elements of Mechanics of Materials. i2mo, *2 00 

Houstoun, R. A. Studies in Light Production i2mo, 2 00 
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Hovenden, F. Practical Mathematics for Young Engineers, 

i2mOy *i 50 

Howe, G. Mathematics for the Practical Man lamo, *i 25 

Howorth, J. Repairing and Riveting Glass, China and Earthen- 
ware '. . 8vo, paper, *o 50 

Hoyt, W. F. Chemistry by Experimentation i2mo, *o 70 

Hubbard, E. The Utilization of Wood-waste 8vo, *2 00 

Hubner, J. Bleaching and Dyeing of Vegetable and Fibrous 

Materials. (Outlines of Industrial Chemistry.) .8vo, *$ 00 

Hudson, O. F. Iron and Steel. (Outlines of Industrial 

Chemistry*) 8vo, *2 00 

Humphrey, J. C. W. Metallography of Strain. (Metallurgy 

Series) (In Press.) 

Humphreys, A. C. The Business Features of Engineering 

Practice 8vo, *i 25 

Hunter, A. Bridge Work Svo {In Press,) 

Hurst, G. H. Handbook of the Theory of Color 8v0j *2 50 

Dictionary of Chemicals and Raw Products 8yo, *4 50 

Lubricating Oils, Fats and Greases Svo, *4 00 

— — Soaps Svo, *5 00 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils, 

Svo, 3 00 

Hurst, H. £., and Lattey, R. T. Text-book of Physics Svo, *3 00 

Also published in Three Parts: 

Vol. I. Dynamics and Heat *! 25 

Vol. II. Sound and Light *i 25 

Vol. III. Magnetism and Electricity *i 50 

Hutchinson, R. W., Jr. Long Distance Electric Power Trans- 
mission i2mo, *3 00 

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in 

Mining (In Press.) 

Hutchinson, W. B. Patents and How to Make Money Out of 

Them i2mo, i 00 

Hutton, W. S. The Works* Manager's Handbook Svo, 6 00 

Hyde, E. W. Skew Arches. (Science Series No. 15.).. . .i6mo, o 50 

Hyde, F. S. Solvents, Oils, Gums and Waxes Svo, *2 00 
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Induction Coils. (Science Series No. 53.) i6mo, o 50 

Ingham, A. E. Gearing. A practical treatise 8to, 

Ingle, H. Manual of Agricultural Chemistry 8vo, 

[nness, C. H. Problems in Machine Design lamo, 

' Air Compressors and Blowing Engines. i2mo, 

— — Centrifugal Pumps.* i2mo, 

The Fan i2mo, 

Jacob, A., and Gould, E. S. On the Designing and Construction . 

of Storage Reservoirs. (Science Series No. 6.). . i6mo, o 50 
jannettaz, E. Guide to the Determination of Rocks. Trans. 

by G. W. Plympton iimo, i 50 

Jehl, F. Manufacture of Carbons 8vo, *4 00 

Jennings, A. S. Commercial Paints and Painting. (West- 
minster Series.) 8vo, *2 00 

Jennison, F. H. The Manufacture of Lake Pigments , . . . 8vo, *3 00 
Jepson, G. Cams and the Principles of their Construction. ..8vo, *i 50 

Mechanical Drawing 8vo (In Preparation.) 

Jervis-Smith, F. J. Dynamometers 8vo, *$ 50 

Jockin, W. Arithmetic of the Gold and Silversmith. . . . i2mo, *i 00 
Johnson, J. H. Arc Lamps and Accessory Apparatus. (In- 
stallation Manuals Series.) i2mo, *o 75 

Johnson, T. M. Ship Wiring and Fitting. (Installation 

Manuals Series.) i2mo, *o 75 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural 

Chemistry and Geology i2mo, 2 60 

Joly, J. Radioactivity and Geology i2mo, *3 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity 

i2mo, *2 00 
Nature of Solution 8vo, *3 50 

New Era in Chemistry i2mo, *2 00 

Jones, J. H. Tinplate Industry 8vo, *3 00 

Jones, M. W. Testing Raw Materials Used in Paint i2mo, *2 00 

Jordan, L. C. Practical Railway Spiral lamo, Leather, *i 50 
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Joynson, F. H. Designing and Construction of Machine Gear- 
ing 8vo, 2 00 

jUptner, H. F. V. Siderology: The Science of Iron 8vo, *s oo 

Kapp, G. Alternate Current Machinery. (Science Series No. 

96.) i6mo, o 50 

Eapper, F. Overhead Transmission Lines 4to, ^4 00 

Keim, A. W. Prevention of Dampness in Buildings . e . . . .8vo, *2 00 

Keller, S. S. Mathematics for Engineering Students. 

i2mo, half leather, 

and Knox, W. E. Analytical Geometry and Calculus.. *2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors. 

8vo, *2 50 
Kemble, W. T., and Underhill, C. R. The Periodic Law and the 

Hydrogen Spectrum 8vo, paper, *o 50 

Kemp, J. F. Handbook of Rocks 8vo, *i 50 

Kendall, E. Twelve Figure Cipher Code 4to, *i2 50 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of 

Machinery. (Science Series No. 54.) i6mo, o 50 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. £. Compressed 

Air. (Science Series No. 106.) i6mo, o 50 

Kennedy, R. Electricallnstallations. Five Volumes 4to, 1500 

Single Volumes each, 3 50 

Flying Machines; Practice and Design i2mo, *2 00 

Principles of Aeroplane Construction Svo, *i 50 

Kennelly, A. £. Electro-dynamic Machinery Svo, i 50 

Kent,W. Strength of Materials. (Science Series No. 41.). i6mo, o 50 

Kershaw, J. B. C. Fuel, Water and Gas Analjrsis Svo, *2 50 

Electrometallurgy. (Westminster Series.) Svo, *2 00 

The Electric Furnace in Iron and Steel Production.. i2mo, *i 50 

Electro-Thermal Methods of Iron and Steel Production, 

Svo, *3 00 

Kindelan, J. Trackman's Helper i2mo, 2 00 



24 D. VAN NOSTRAND COMPANY'S SHORT-TITLE CATALOG 

Kinzbrunner, C. Alternate Current Windings Svo, 

Continuous Current Armatures 8vo, 

Testing of Alternating Current Machines 8vo, 

Eirkaldy, A. W., and Evans, A. D. History and Economics 

of Transport 8vo, 

Kirkaldy. W, G. David Kirkaldy's System of Mechanical 

Testing 4to, 

Kirkbride. J. Engraving for Illustration 8vo, 

Eirkham, J; E. Structural Engineering Svo, 

Kirkwood, J. P. Filtration of River Waters 4to, 

Kirschlce, A. Gas and Oil Engines i2mo. 

Klein, J. F. Design of a High speed Steam-engine 8vOy 

Physical Significance of Entropy 8vo, 

Klingenberg, G. Large Electric Power Stations 4to, 

Knight, R.-Adm. A. M. Modem Seamanship 8vo, 

Knott, C G., and Mackay, J. S. Practical Mathematics. . .8vo, 

Knox, G. D. Spirit of the Soil i2mo, 

Knox, J. Physico-chemical Calculations i2mo. 

Fixation of Atmospheric Nitrogen. (Chemical Mono- 
graphs.) 12m'", 

Koester, F. Steam-Electric Power Plants 4to, 

Hydroelectric Developments and Engineering 4to, 

KoUer, T. The Utilization of Waste Products 8vo, 

Cosmetics 8vo, 

Koppe, S. W. Glycerine i2mo, 

Kozmin, P. A. Flour Milling. Trans, by M. Falkner.. .8vo, 

(In Press,) 
Kremann, R. Application of Physico Chemical Theory to 

Technical Processes and Manufacturing Methods. 

Trans, by H. E. Potts 8vo, *3 00 

Kretchmar, K. Yam and Warp Sizing 8vo, *4 00 

Lallier, E. V. Elementary Manual of the Steam Engine. 

i2mo, '''2 00 

Lambert, T. Lead and its Compounds 8vo, *3 50 

Bone Products and Manures 8vo, *3 00 
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Lambom, L. L. Cottonseed Products 8vo, *3 oo 

Modem Soaps, Candles, and Glycerin 8vo, *7 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by 

C. Salter 8vo, *4 00 

Lancaster, M. Electric Cooking, Heating and Cleaning. .Svo, *i 00 

Lanchester, F. W. Aerial Flight. Two Volumes. Svo. 

Vol. I. Aerodynamics *6 00 

Vol. II. Acrodonetics *6 00 

The Flying Machine Svo, *3 00 

Lange, E. R. By-Products of Coal-Gas Manufacture, .iimo, 2 00 

Larner, £. T. Principles of Alternating Currents i2mo, *i 25 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) . i6mo, o 50 
Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans, by M. 

M. Pattison Muir i2mo, ♦i 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent 

Electric Lighting. (Science Series No. 57.) i6mo, o 50 

Latta, M. N. Handbook of American Gas-Engineering Practice. 

Svo, *4 50 

American Producer Gas Practice 4to, *6 00 

Laws, B. C. Stability and Equilibrium of Floating Bodies.Svo, "^3 50 
Lawson, W. R. British Railways, a Financial and Commer- 
cial Survey Svo, 2 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. **Wrinkles" in Practical Navigation Svo, *io 00 

Le Doux, M. Ice Making Machines. (Science Series No. 46.) 

i6mo, o 50 

Leeds, C. C. Mechanical Drawing for Trade Schools . oblong 4to, *2 00 

Mechanical Drawing for High and Vocational Schools, 

4to, *i 25 
Lef^vre, L. Architectural Pottery. Trans, by H. K. Bird and 

W. M. Binns 4to, *7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H 

Robson Svo *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture. .Svo, *i 50 

Letts, E. A. Fundamental Problems^ in Chemistry Svo, *2 00 
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Le Van, W. B. Steam-Engine Indicator. (Science Series No. 

78.) i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) 

8vo, *2 00 
Carbonization of Coal 8vo, *3 00 

Lewis Automatic Machine Rifle ; Operation of i6mo, *o 60 

Lewis, L. P. Railway Signal Engineering 8vo, ♦$ 50 

Licks, H. E. Recreations in Mathematics i2mo, z 25 

Lieber, B. F. Lieber's Five Letter Standard Telegraphic Code, 

Svo, *io 00 

Spanish Edition Svo, *io 00 

French Edition Svo, *io 00 

Terminal Index Svo, *2 50 

Lieber's Appendix folio, *i5 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and 

Shippers' Blank Tables Svo, *i5 00 

Lieber, B. F. 100,000,000 Combination Code Svo, *io 00 

Engineering Code Svo, *i2 50 

Livermore, V. P., and Williams, J. How to Become a Com- 
petent Motorman i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators. Svo, *2 25 

Mechanical Design and Construction of Generators. ..Svo, *3 50 

Lloyd, S. L. Fertilizer Materials (In Press.) 

Lobben, P. Machinists' and Draftsmen's Handbook Svo, 2 50 

Lockwood, T. D. Electricity, Magnetism, and Electro-teleg- 
raphy Svo, 2 50 

Electrical Measurement and the Galvanometer .... i2mo, o 75 

Lodge, O, J. Elementary Mechanics i2mo, i 50 

Signalling Across Space without Wires Svo, *2 00 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps. . *4 50 

Lomax, J. W. Cotton Spinning i2mo, i 50 

Lord, R. T. Decorative and Fancy Fabrics Svo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph, 

i6mo, o 50 
Handbook. (Science Series No. 39) i6mo, o 50 

Lovell, D. H. Practical Switchwork. Revised by Strong and 

Whitney (In Press.) 
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Low, D. A. Applied Mechanics (Elementary)...^ i6mo, o 80 

Lubschez, B. J. Perspective i2mo, *i 50 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: their Design, Efficiency, and Power Costs. 

2 vols (In Preparation.) 

Luckiesh, M. Color and Its Application 8vo, *3 00 

Light and Shade and Their Applications Svo, *2 50 

The two when purchased together *5 00 

Lunge, G. Coal-tar Ammonia. Three Parts 8vo, *2o 00 

Manufacture of Sulphuric Acid and Alkali. Four Volumes. 

8vo, 

Vol. I. Sulphuric Acid. In three parts '*'i8 00 

Vol.1. Supplement 500 

VoL n. Salt Cake, Hydrochloric Acid and Leblanc Soda. 

In two parts *i5 00 

VoL in. Ammonia Soda *io 00 

VoL IV. Electrolytic Methods (In Press,) 

Technical Chemists* Handbook i2mo, leather, *3 50 

Technical Methods of Chemical Analysis. Trans, by 

C. A. Eeane. In collaboration with the corps of 
specialists. 
VoL I. In two parts 8vo, *i5 00 

.VoL n. In two parts Svo, *i8 00 

Vol. III. In two parts 8vo, *i8 00 

The set (3 vols.) complete *5o 00 

Technical Gas Analysis Svo, *4 00 

Luquer, L. M. Minerals in Rock Sections 8vo, "'i 50 

Macewen, H. A. Food Inspection 8vo, *2 50 

Mackenzie, N. F. Notes on Irrigation Works Svo, *2 50 

Mackie, J. How to Make a "Woolen Mill Pay 8vo, *2 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing 

8vo, 4 00 
Malcolm, C. W. Textbook on Graphic Statics Svo, *3 00 
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Malcolm, H. W. Submarine Telegraph Cable (/» Press.) 

Mallet, A. Compound Engines. Trans, by R. R. Buel. 

(Science Series No. lo.) i6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64) 

i6mo, o 50 
Marks, E. C. R. Construction of Cranes and Lifting Machinery 

i2mo, *i 50 

Construction and Working of Pumps i2mo, *i 50 

Manufacture of Iron and Steel Tubes iimo, *2 00 

Mechanical Engineering Materials i2mo, *i 00 

Marks, G. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs i2mo, *i 00 

Marlow, T. G. Drying Machinery and Practice 8vo, *5 00 

Marsh, C. F. Concise Treatise on Reinforced Concrete.. . .8vo, *2 50 

Marsh, C. F. Reinforced Concrete Compression Member 

Diagram Mounted on Cloth Boards *i 50 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete 

and Concrete Block Construction i6mo, mor., "^2 50 

Marshall, W.J., and Sankey, H. R. Gas Engines. (Westminster 

Series.) 8vo, *2 00 

Martin, G. Triumphs and Wonders of Modem Chemistry. 

8vo, *2 00 

Modem Chemistry and Its Wonders Svo, *2 00 

Martin, N. Properties and Design of Reinforced Concrete, 

lamo, *-2 50 

Martin, W. D, Hints to Engineers i2mo, i 50 

Massie, W. W., and Underbill, C. R. Wireless Telegraphy and 

Telephony i2mo, *i 00 

Mathot, R. E. Internal Combustion Engines Svo, '''4 00 

Maurice, W. Electric Blasting Apparatus and Explosives ..8vo, *3 50 

Shot Firer's Guide Svo, *i 50 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.) 

i6mo, o 50 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal 

and Sanitary Engineering 4to, *io 00 

Mayer, A. M. Lecture Notes on Physics Svo, 2 00 

Mayer, C, and Slippy, J. C. Telephone Line Constmction.Svo, *$ 00 
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McCuUough, E. Practical Surveying i2mo, 

Engineering Work in Cities and Towns 8vo,* 

Reinforced Concrete i2mo, 

McCullough, R. S. Mechanical Theory of Heat ^ . . . 8vo, 

McGibbon, W. C. Indicator Diagrams for Marine Engineers, 

8vo, 
Marine Engineers' Drawing Book oblong 4to, 

Marine Engineers* Pocketbook i2mo, leather, 

Mcintosh, J. G. Technology of Sugar 8vo, 

Industrial Alcohol 8vo, 

Manufacture of Varnishes and Kindred In dustries. 

Three Volumes. 8vo. 

Vol. I. Oil Crushing, Refining and Boiling ^3 50 

VoL n. Varnish Materials and Oil Varnish Making *4 00 

Vol. m. Spirit Varnishes and Materials *4 5o 

McKnight, J. D., and Brown, A. W. Marine Multitubular 

Boilers. *i 50 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series 

No. 20.). i6mo, o 50 

McMechen, F. L. Tests for Ores, Minerals and Metals. . . i2mo, *i 00 

McPherson, J. A. Water- works Distribution Svo, 2 50 

Meade, A. Modern Gas Works Practice 8vo, *7 50 

Meade, R. K. Design and Equipment of Small Chemical 

Laboratories 8vo, 

Melick, C. W. Dairy Laboratory Guide i2mo, *i 25 

Mensch, L. J. Reinforced Concrete Pocket Book. i6mo, leather '''400 

Merck, E. Chemical Reagents: Their Purity and Tests. 

Trans, by H. E. Schenck 8vo, i 00 

Merivale, J. H. Notes and Formulae for Mining Students, 

i2mo, z 50 
Merritt, Wm. H. Field Testing for Gold and Silver . i6mo, leather, i 50 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris 

and H. Robson Svo, *2 50 

Miessner, B. F. Radiodynamics i2mo, *2 00 

Miller, G. A. Determinants. (Science Series No. 105.). . i6mo. 

Miller, W. J. Historical Geology i2mo, *2 00 

Mills, C. N. Elementary Mechanics for Engineers i2mo, *i 00 

Milroy, M. E. W. Home Lace-making i2mo, *i oo 
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Mitchelli C. A. Mineral and Aerated Waters Svo, *3 oo 

and Prideauz, R. M. Fibres Used in Textile and 

Allied Industries 8vo, *3 oo 

Mitchell, C. F. and G. A. Building Construction and Draw- 
ing i2mo 

Elementary Course, *i 50 
Advanced Course, *2 50 
Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 

8vo, *2 00 
Monteverde, R. D. Vest Pocket Glossary of English-Spanish, 

Spanish-English Technical Terms 64mo, leather, *i 00 

Montgomery, J. H. Electric Wiring Specifications. .. .i6mo, *x 00 
Moore, E. C. S. New Tables for the Complete Solution of 

Ganguillet and Kutter's Formula 8vo, *S 00 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical 

Testing 8vo, *i 50 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs, 

i2mo, *i 50 
Moses, A. J. The Characters of Crystals 8vo, ^^2 00 

— and Parsons, C. L. Elements of Mineralogy Svo, *3 00 

Moss, S. A. Elements of Gas Engine Design. (Science 

Series No. 121 ) i6mo, o 50 

The Lay-out of Corliss Valve Gears. (Science Series 

No. 119.) i6mo, o 50 

Mulford, A. C. Boundaries and Landmarks i2mo, '''i 00 

MuUin, J. P. Modern Moulding and Pattern-making. . . . i2mo, 2 50 

Munby, A. E. Chemistry and Physics of Building Materials. 

(Westminster Series.) Svo, *2 00 

Murphy, J. G. Practical Mining i6mo, i 00 

Murray, J. A. Soils and Manures. (Westminster Series.). Svo, *2 00 

Nasmith, J. The Student's Cotton Spinning Svo, 3 00 

Recent Cotton Mill Construction i2mo, 2 50 

Neave, G. B., and Heilbron, I. M. Identification of Organic 

Compounds i2mo, *i 25 
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Neilson, R. M. Aeroplane Patents 8vo, *2 00 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, *3 00 

Neuberger, H., and Noalhat, H. Technology of Petroleum. 

Trans, by J, G, Mcintosh. 8vo, *io 00 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears. .8vo, i 50 
Newbigingy T. Handbook for Gas Engineers and Managers, 

Svo, ♦e 50 

Newell, F. H., and Drayer, C. £. Engineering as a Career. 

121UO, cloth, *i 00 

paper, o 75 

Nicol, G. Ship Construction and Calculations Svo, *$ 00 

Nipher, F. £. * Theory of Magnetic Measurements i2mo, i 00 

Nisbet, H. Grammar of Textile Design Svo, *3 00 

Nolan, H. The Telescope. (Science Series No. 51.) i6mo, o 50 

North, H. B. Laboratory Experiments in General Chemistry 

i2mo, '^'i 00 

Nugent, E. Treatise on Optics i2mo, i 50 

O'Connor, H. The Gas Engineer's Pocketbook. .. i2mo, leather ,« 350 
Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Trans, by 

William Francis. (Science Series No. 102.). . . .i6mo, o 50 

Olsen, J. C. Textbook of Quantitative Chemical Analysis. .Svo, *3 50 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. 

(U. S. Navy Electrical Series, No. i.) . ...i2mo, paper, *o 50 

Ormsby, M. T. M. Surveying i2mo, i 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems . . Svo, *3 00 

Owen, D. Recent Physical Research Svo, *i 50 

Fakes, W. C. C, and Nankivell, A. T. The Science of Hygiene. 

Svo, *i 75 
Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, 

Jr Svo, *4 00 

Pamely, C. Colliery Manager's Handbook Svo, *io 00 

Parker, P. A. M. The Control of Water Svo, *5 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments. 

Svo, *3 50 
Parry, E. J. Chemistry of Essential Oils and Artificial Per- 
fumes (In Press.) 
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Parry, E J. Foods and Drugs. Two Volumes 8vo, 

Vol. I. Chemical and Microscopical Analysis of Food 

and Drugs *7.50 

Vol. n. Sale of Food and Drugs Acts *3 oo 

and Coste, J. H. Chemistry of Pigments 8vo, *4 50 

Parry, L. Notes on Alloys 8vo, *3 00 

Metalliferous Wastes Svo, *2 00 

— — Analysis of Ashes and Alloys Svo, *2 00 

Parry, L. A. Risk and Dangers of Various Occupations Svo, *3 00 

Parshall, H. F., and Hobart, H. M. Armature Windings .... 4to, *7 50 

Electric Railway Engineering 4to, *io 00 

Parsons, J. L. Land Drainage .Svo, *i 50 

Parsons, S. J. Malleable Cast Iron Svo, *2 50 

Partington, J. R. Higher Mathematics for Chemical Students 

i2mo, *2 00 
Textbook of Thermodynamics Svo, *4 00 

Passmore, A. C. Technical Terms Used in Architecture ...Svo, *3 50 

Patchell, W. H. Electric Power in Mines Svo, *4 00 

Patersod; G. W. L. Wiring Calculations iimo, *2 00 

Electric Mine Signalling Installations i2mo, *i 50 

Patterson, D. The Color Printing of Carpet Yarns Svo, *3 50 

Color Matching on Textiles Svo, *3 00 

Textile Color Mixing Svo, *3 00 

Paulding, C. P. Condensation of Steam in Covered and Bare 

Pipes Svo, *2 00 

Transmission of Heat Through Cold-storage Insulation 

i2mo, *i 00 

Payne, D. W. Founders' Manual Svo, *4 00 

Peckham, S. F. Solid Bitumens Svo, *5 00 

Peddie, R. A. Engineering and Metallurgical Books. . . . i2mo, *i 50 

Peirce, B. System of Analytic Mechanics 4to, 10 00 

Linnear Associative Algebra 4to, 3 00 

Pendred, V. The Railway Locomotive. (Westminster Series.) 

Svo, *2 00 

Perkin, F. M. Practical Method of Inorganic Chemistry . . i2mo, *i 00 

and Jaggers, E. M. Elementary Chemistry i2mo, *i 00 

Perrin, J. Atoms Svo, *2 50 

Perrine, F. A. C. Conductors for Electrical Distribution . . . Svo, *3 50 
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Petit, G. White Lead and Zinc White Paints 8vo, *i 50 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. 

Hubbard, and J. H. Ledeboer 8vo, *i 50 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) 

i6mo, o 50 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) 

i6mo, 

Phillips, J. Gold Assaying 8vo, *2 50 

Dangerous Goods 8vo, 3 50 

Phin, J. Seven Follies of Science iimo, *i 25 

Pickworth, C. N. The Indicator Handbook. Two Volumes 

i2mo, each, i 50 

Logarithms for Beginners i2mo, boards, o 50 

The Slide Rule i2mo, i 00 

Plattner's Manual of Blowpipe Analysis. Eighth Edition, re- 
vised. Trans, by H. B. Cornwall 8vo, *4 00 

Plympton, G.W. The Aneroid Barometer. (Science Series. ).i6mo, o 50 

How to become an Engineer. (Science Series No. 100.) 

i6mo, o 50 

Van Nostrand's Table Book. (Science Series No. 104). 

i6mo, o 50 

Pochet, M. L. Steam Injectors. Translated from the French. 

(Science Series No. 29.) i6mo, o 50 

Pocket Logarithms to Four Places. (Science Series.) i6mo, o 50 

leather, i 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics . 8vo, *3 00 

Pope, F. G. Organic Chemistry lamo, *2 25 

Pope, F. L. Modern Practice of the Electric Telegraph. . . 8vo, i 50 

Popplewell, W. C. Prevention of Smoke Svo, *3 50 

Strength of Materials Svo, *i 75 

Porritt, B. D. The Chemistry of Rubber. (Chemical Mono- 
graphs, No. 3.) i2mo, *o 75 

Porter, J. R. Helicopter Flying Machine i2mo, *i 25 

Potts, H. £. Chemistry of the Rubber Industry. (Outlines of 

Industrial Chemistry.) Svo, *2 50 

Practical Compounding of Oils, Tallow and Grease. Svo, *3 50 



■ 
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Pratt, K. Boiler Draught i2mo, *i 25 

High Speed Steam Engines 8vo, *2 00 

Pray, T., Jn Twenty Years with the Indicator 8vo, 2 50 

Steam Tables and Engine Constant 8vo, 2 00 

Prelini, C. Earth and Rock Excavation 8vo, *3 00 

Graphical Determination of Earth Slopes 8vo, *2 00 

Tunneling. New Edition Svo, *3 00 

Dredging. A Practical Treatise Svo, *3 00 

Prescott, A. B. Organic Analysis 8vo, 5 00 

and Johnson, 0. C. Qualitative Chemical Analysis. Svo, *3 50 

and Sullivan, E. C. First Book in Qualitative Chemistry 

i2mo, '''i 50 

Prideaux, E. B. R. Problems in Physical Chemistry Svo, *2 00 

Primrose, G. S. C. Zinc. (Metallurgy Series.) (In Press.) 

Prince, G. T. Flow of Water i2mo, *2 00 

PuUen, W. W. F. Application of Graphic Methods to the Design 

of Structures i2mo, *2 50 

Injectors: Theory, Construction and Working i2mo, *i 50 

Indicator Diagrams Svo, ^2 50 

Engine Testing Svo, *4 50 

Putsch, A. Gas and Coal-dust Firing Svo, *3 00 

Pynchon, T. R. Introduction to Chemical Physics Svo, 3 00 

Rafter, G. W. Mechanics of Ventilation. (Science Series No. 

33') i6mo, 50 

Potable Water. (Science Series No. 103.) i6mo, o 50 

Treatment of Septic Sewage. (Science Series No. 118.) 

i6mo, o 50 

and Baker, M. N. Sewage Disposal in the United States 

4to, *6 00 

Raikes, H. P. Sewage Disposal Works Svo, '"4 00 

Randau, P. Enamels and Enamelling Svo, *4 00 

Rankine, W. J. M. Applied Mechanics Svo, 5 00 

Civil Engineering Svo, 6 50 

Machinery and Millwork Svo, 5 00 

The Steam-engine and Other Prime Movers Svo, 5 00 

and Bamber, E. F. A Mechanical Textbook Svo, 3 50 



I 
t 
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Ransome, W. R. Freshman Mathematics lamo, '''i 35 

Raphael, F. C. Localization of Faults in Electric Light and 

Power Mains 8vo, *3 50 

Rasch, E. Electric Arc Phenomena. Trans, by K. Tomberg. 

8vo, *2 00 

Rathbone, R. L. B. Simple Jewellery 8vo, *2 00 

Rateau, A. Flow of Steam through Nozzles and Orifices. 

Trans, by H. B. Brydon Svo, *i 50 

Rausenberger, F. The Theory of the Recoil of Guns Svo, *4 50 

Rautenstrauch, W. Notes on the Elements of Machine Design, 

Svo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and 
Empirical Design. 

Part L Machine Drafting Svo, *! 25 

Part n. Empirical Design {In Preparation.) 

Raymond, E. B. Alternating Current Engineering lamo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning. .. Svo, *2 50 
Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery 

Trades Svo, *$ 50 

Recipes for Flint Glass Making iimo, '"4 50 

Redfern, J. B., and Savin, J. Bells, Telephones. (Installa- 
tion Manuals Series.) i6mo, ""o 50 

I Redgrove, H. S. Experimental Mensuration lamo, '''i 25 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo, o 50 

Reed, S. Turbines Applied to Marine Propulsion *5 00 

Reed's Engineers' Handbook Svo, *6 00 

Key to the Nineteenth Edition of Reed's Ingineers' 

Handbook Svo, *$ 00 

Useful Hints to Sea-going Engineers i2mo, i 50 

Reid, E. E. Introduction to Research in Organic Chemistry. 

(In Press.) 
Reid, H. A. Concrete and Reinforced Concrete Construction, 

Svo, *5 00 
Reinhardt, C. W. Lettering for Draftsmen, Engineers, and 

Students oblong 4to, boards, i 00 

^The Technic of Mechanical Drafting, -oblong 4to, boards, '*'z 00 
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Reiser, F. Hardening and Tempering of Steel. Trans, by A. 

Morris and H. Robson i2mo, 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans. 

by A. Morris and H. Robson 8vo, 

Spinning and Weaving Calculations 8vo, 

Ren wick, W. G. Marble and Marble Working Svo, 

Reuleaux, F. The Constructor. Trans, by H. H. Suplee. .4to, 
Reuterdahl, A. Theory and Design of Reinforced Concrete 

Arches Svo, 

Rey, J. Range of Electric Searchlight Projectors Svo, 

Reynolds, 0., and Idell, F. £. Triple Expansion Engines. 

(Science Series No. 99.) i6mo, 

Rhead, G. F. Simple Structural Woodwork i2mo, 

Rhodes, H. J. Art of Lithography Svo, 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining 

the Differential of Functions i2mo, 

Richards, W. A. Forging of Iron and Steel i2mo, 

Richards, W. A., and North, H. B. Manual of Cement Testing, 

i2mo, 
Richardson, J. The Modern Steam Engine Svo, 

Richardson, S. S. Magnetism and Electricity i2mo, 

Rideal, S. Glue and Glue Testing 8vo, 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps. Svo, 

Rings, F. Concrete in Theory and Practice i2mo, 

Reinforced Concrete Bridges 4to, 

Ripper, W. Course of Instruction in Machine Drawing. . . folio, 
Roberts, F. C. Figure of the Earth. (Science Series No. 79.) 

i6mo, o 50 
Roberts, J., Jr. Laboratory Work in Electrical Engineering 

Svo, 

Robertson, L. S. Water-tube Boilers Svo, 

Robinson, J. B. Architectural Composition Svo, 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. 

(Science Series No. 24.) i6mo, 

Railroad Economics. .(Science Series No. 59.) i6mo, 

Wrought Iron Bridge Members. (Science Series No. 

60.) i6mo, o 50 
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Robson, J. H. Machine Drawing and Sketching 8to, *i 50 

Roebling, J. A. Long and Short Span Railway Bridges . . folio, 25 00 
Rogers, A. A Laboratory Guide of Industrial Chemistry. . (In Press.) 

Elements of Industrial Chemistry lamo, 3 00 

Manual of Industrial Chemistry Syo, *5 00 

Rogers, F. Magnetism of Iron Vessels. (Science Series N6. 30.) 

i6mo, o 50 
Rohland, P. Colloidal and its Crystalloidal State of Matter. 

Trans, by W. J. Britland and H. E. Potts i2mo, 

RoUinson, C. Alphabets oblong iimo, 

Rose, J. The Pattern-makers' Assistant Syo, 

Key to Engines and Engine-running i2mo. 

Rose, T. K. The Precious Metals. (Westminster Series. )..8yo, 
Rosenhain, W. Glass Manufacture. (Westminster Series.). .8 vo, 
Physical Metallurgy, An Introduction to. (Metallurgy 

Series.) Svo, 

Roth, W. A. Physical Chemistry Syo, *2 00 

Rowan, F.J. Practical Physics of the Modem Steam-boiler.Syo, *3 00 
and Idell, F. E. Boiler Incrustation and Corrosion. 

(Science Series No. 27.) i6mo, o 50 

Roxburgh, W. General Foundry Practice. (Westminster 

Series.) Svo, *2 00 

Ruhmer, £. Wireless Telephony. Trans, by J. Erskine- 

Murray Svo, 

Russell, A. Theory of Electric Cables and Networks Svo, 

Rutley, F. Elements of Mineralogy i2mo, 

Sanford, P. G. Nitro-ezplosives Svo, 

Saunders, C. H. Handbook of Practical Mechanics i6mo, 

leather, 
Sayers, H. M. Brakes for Tram Cars Svo, 

Scheele, C. W. Chemical Essays Svo, 

Scheithauer, W. Shale Oils and Tars Svo, 

Scherer, R. Casein. Trans, by C. Salter Svo, 
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Schidrawitz, P. Rubber, Its Production and Industrial Uses, 

8vo, 

Schindleri K. Iron and Steel Construction Works iirco, 

Schmall, C. IV. First Course in Analytic Geometry, Plane and 

Solid i2mo, half leather, 

Schmeer, L. Blow of Water 8vo, 

Schumann, F. A Manual of Heating and Ventilation. 

i2mo, leather, 
Schwartz, £• H. L. Causal Geology 8vo, 

Schweizer, V. Distillation of Resins 8vo, 

Scott, W. W. Qualitative Analysis. A Laboratory Manual, 

8vo, 

Standard Methods of Chemical Analysis Svo, *6 00 

Scribner, J. M« Engineers' and Mechanics' Companion. 

i6mo, leather, i 50 
Scudder, H. Electrical Conductivity and Ionization Constants 

of Organic Compounds Svo, *3 00 

Searle, A. B. Modem Brickmaking Svo, *$ 00 

Cement, Concrete and Bricks Svo, *3 00 

Searle, G. M. " Sumners' Method." Condensed and Improved. 

(Science Series No. 124.) i6mo, o 50 

Seaton, A. £. Manual of Marine Engineering Svo, 8 00 

Seaton, A. £., and Rounthwaite, H. M. Pocket-book of Marine 

Engineering i6mo, leather, 3 50 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India 
Rubber and Gutta Percha. Trans, by J. G. Mcintosh 

Svo, *5 00 
Seidell, A. Solubilities of Inorganic and Organic Substances, 

Svo, *3 00 
Seligman, R. Aluminum. (Metallurgy Series) {In Press,) 

Sellew, W. H. Steel Rails 4to, *io 00 

Railway Maintenance Engineering i2mo, *2 50 

Senter, G. Outlines of Physical Chemistry i2mo, *i 75 

Textbook of Inorganic Chemistry i2mo, *i 75 

Sever, G. F. Electric Engineering Experiments .... Svo, boards, *i 00 
and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineering Svo, *2 50 
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Sewall, C. H. Wireless Telegraphy 8vo, *2 oo 

Lessons in Telegraphy i2mo, *i oo 

Sewell, . T. The Construction of Dynamos 8vo, *3 oo 

Sexton, A. H. Fuel and Refractory Materials 12 mo, '-^2 50 

Chemistry of the Materials of Engineering . 1 2mo, *2 50 

Alloys (Non- Ferrous) 8vo, *3 00 

and Primrose, J. S. G. The Metallurgy of Iron and Steel, 

Svo, *6 50 

Seymour, A. Modern Printing Inks Svo, *2 00 

Shaw, Henry S. H. Mechanical Integrators. (Science Series 

No. 83.) i6mo, o 50 

Shaw, S. History of the Staffordshire Potteries 8yo, 2 00 

Chemistry of Compounds Used in Porcelain Manufacture. Svo, *5 00 

Shaw, T. R. Driving of Machine Tools i2mo, *2 00 

Shaw, W. N. Forecasting Weather Svo, *3 50 

Sheldon, S., and Hausmann, £. Direct Current Machines. i2mo, ^2 50 

Alternating-current Machines i2mo, *2 50 

Electric Traction and Transmission Engineering. .i2mo, *2 50 

Physical Laboratory Experiments Svo, *i 25 

Shields, J. £. Note on Engineering Construction i2mo, i 50 

Shreve, S. H. Strength of Bridges and Roofs Svo, 3 50 

Shunk, W. F. The Field Engineer i2mo, mor., 2 50 

Simmons, W. H., and Appleton, H. A. Handbook of Soap 

Manufacture Svo, *3 00 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils, 

Svo, *3 00 

Simpson, G. The Naval Constructor i2mo, mor., *5 00 

Simpson, W. Foundations Svo (In Press.) 

Sinclair, A. Development of the Locomotive Engine. 

Svo, half leather, 5 00 
Sindall, R. W. Manufacture of Paper. (Westminster Series.) 

Svo, *2 00 

and Bacon, W. N. The Testing of Wood Pulp Svo, *2 50 

Sloane, T. O'C. Elementary Electrical Calculations ..... i2mo, *2 00 
Smallwood, J. C. Mechanical Laboratory Methods. (Van 

Nostrand's Textbooks.) i2mo, leather, *2 50 

Smith, C. A. M. Handbook of Testing, MATERIALS .. Svo, *2 50 

and Warren, A, G. New Steam Tables Svo, *! 25 

Smith, C. F. Practical Alternating Currents and Testing . . Svo, *2 50 
Practical Testing of Dynamos and Motors Svo, *2 00 
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Smith, F. A. Railway Curves i2m0y *i oo 

Standard Turnouts on American Railroads i2mo, '''i oo 

Maintenance of Way Standards i2mo, *i 50 

Smith, F. £. Handbook of General Instruction for Ilechanics. 

i2mo, I 50 

Smith, H. G. Minerals and the Microscope.. i2mo, '''i 25 

Smith, J. C. Manufacture of Paint 8vo, *3 50 

Smith, R. H. Principles of Machine Work i2mo, 

Advanced Machine Work i2mo, *3 00 

Smith, W. Chemistry of Hat Manufacturing iimo, *3 00 

Snell, A. T. Electric Motive Power 8vo, *4 00 

Snow, W. 6. Pocketbook of Steam Heating and Ventilation, 

(In Press,) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (3cience 

Series No. 5.) i6mo, o 50 

Soddy, F. Radioactivity 8vo, *3 00 

Solomon, M. Electric Lamps. {Westminster Series.) Svo, *2 00 

Somerscales, A. N. Mechanics for Marine Engineers. .i2mo, *2 00 

Mechanical and Marine Engineering Science Svo, *5 00 

Sothem, J. W. The Marine Steam Turbine Svo, *6 00 

Verbal Notes and Sketches for Marine Engineers Svo, *7 50 

Sothern, J. W., and Sothem, R. M. Elementary Mathematics 

for Marine Engineers i2mo, *i 50 

Simple Problems in Marine Engineering Design. .i2mo, *i 50 

Southcombe, J. E. Chemistry of the Oil Industries. (Out- 
lines of Industrial Chemistry) Svo, *3 00 

Soxhlet, D. H. Dyeing and Staining Marble. Trans, by A. 

Morris and H. Robson Svo, *2 50 

Spangenburg, L. Fatigue of Metals. Translated by S. H. 

Shreve. (Science Series No. 23.) i6mo, o 50 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topo- 
graphical Surveying. (Science Series No. 72.). . i6mo, o 50 

Spencer, A. S. Design of Steel-Framed Sheds Svo, *3 50 

Speyers, C. L. Text-book of Physical Chemistry Gvo, *i 50 

Spiegel, L. Chemical Constitution and Physiological Action. 

(Trans, by C. LuedeHng and A. C. Boylston.) .i2mo, *i 25 
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prague, £. H. Elementary Mathematics for Engineers i2mo, x 50 
— Elements of Graphic Statics 8vo, 2 00 



Jprague, E. H. Hydraulics iimo, *i 50 

Stability of Masonry iimo, *i 50 

Stahl, A. W. Transmission of Power. (Science Series No. 28.) 

i6mo, 
and Woods, A. T. Elementary Mechanism i2mo, "^200 

Staley, C, and Pierson, G. S. The Separate System of 

Sewerage Svo, *3 00 

Standage, H. C. Leatherworkers' Manual Svo, *^ 50 

I Sealing Waxes, Wafers, and Other Adhesives Svo, *a 00 

Agglutinants of All Kinds for All Purposes i2mo, *s 50 

Stanley, H. Practical Applied Physics (In Press,) 

Stansbie, J. H. Iron and Steel. (Westminster Series.) . .Svo, *2 00 

Steadman, F. M. Unit Photography i2mo, *2 00 

Stecher, G. E. Cork. Its Origin and Industrial nses..i2mo, i 00 

Steinman, D. B. Suspension Bridges and Cantilevers. 

(Science Series No. 127.) o 50 

Melan's Steel Arches and Suspension Bridges Svo, "^3 00 

Stevens, H. P. Paper Mill Chemist i6mo, *2 50 

Stevens, J. S. Theory of Measurements i2mo, *i 25 

Stevenson, J. L. Blast-Fumace Calculations. .i2mo, leather, '''2 00 

Stewart, G. Modern Steam Traps i2mo, '''i 25 

Stiles, A. Tables for Field Engineers i2mo, . i 00 

Stodola, A. Steam Turbines. Trans by L. C. Loewenstein.8vo, *$ 00 

Stone, H. The Timbers of Commerce Svo, 3 50 

Stopes, M. Ancient Plants 8vo, *2 00 

The Study of Plant Life 8vo, *2 00 

Sudborough, J. J., and James^ T. C. Practical Organic Chem- 
istry i2mo, *2 00 

Suffling, E. R. Treatise on the Art of Glass Painting 8vo, *3 50 

Sullivan, T. V., and Underwood, N. Testing and Valuation 

of Building and Engineering Materials (In Press,) 

Sur, F. J. S. Oil Prospecting and Extracting Svo, *i 00 

Svenson, C. L. Handbook on Piping (In Press.) 

Swan, K. Patents, Designs and Trade Marks. (Westminster 

Series.) Svo, *a 00 
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Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric 

Currents. (Science Series No. 109.) i6mo, o 50 

Swoope, C. W. Lessons in Practical Electricity i2mo, *2 00 

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics.8vo, *6 00 
Tate, J. S. Surcharged and Different Forms of Retaining- 

walls. (Science Series No. 7.) i6mo, o 50 

Taylor, F. N. Small Water Supplies lamo, *2 50 

Masonry in Civil Engineering 8vo, *2 50 

Taylor, T. U. Surveyor's Handbook i2mo, leather, *2 00 

Backbone of Perspective i2mo, *i 00 

Taylor, W. P. Practical Cement Testing 8vo, *3 00 

Templeton, W. Practical Mechanic's Workshop Companion, 

i2mO| morocco, a 00 
Tenney, E. H. Test Methods for Steam Power Plants. 

(Van Nostrand's Textbooks.) i2mo, *2 50 

Terry, H. L. India Rubber and its Manufacture. (West- 
minster Series.) Svo, *2 00 

Thayer, H. R. Structural Design Svo, 

Vol. I. Elements of Structural Design ^2 00 

Vol. II. Design of Simple Structures *4 00 

Vol. III. Design of Advanced Structures {In Preparation.) 

Foundations and Masonry (In Preparation.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice. .Svo, *3 50 
Thom, C, and Jones, W. H. Telegraphic Connections, 

oblong i2mo, i 50 

Thomas, C. W. Paper-makers* Handbook (In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Oil Field Devefopment and Petroleum Mining Svo, *7 50 

Thompson, S. P. Dynamo Electric Machines. (Science 

Series No. 75.) i6mo, o 50 

Thompson, W. P. Handbook of Patent Law of All Countries, 

i6mo, I 50 

Thomson, G. Modern Sanitary Engineering i2mo, *3 00 

Thomson, G. S. Milk and Cream Testing i2mo, *i 75 

r— Modem Sanitary Engineering, House Drainage, etc. .Svo, *3 00 
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Thomley, T. Cotton Combing Machines 8vo, *3 00 

Cotton Waste 8vo, *3 00 

Cotton Spinning 8vo, 

First Year *i 50 

Second Year *3 00 

Third Year *2 50 

Thurso, J. W. Modern Turbine Practice Svo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series 

No. 94.) i6mo, o 50 

Tillmans, J. Water Purification and Sewage Disposal. Trans. 

by Hugh S. Taylor Svo, *2 00 

Tinney, W. H. Gold-mining Machinery Svo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry .Svo, *2 00 

Tizard, H. T. Indicators (In Press.) 

Toch, M. Chemistry and Technology of Paints Svo, *4 00 

^— Materials for Permanent Painting i2mo, *2 00 

Tod, J., and McGibbon, W. C. Marine Engineers' Board of 

Trade Examinations Svo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship Svo, S 00 

Tonge, J. Coal. (Westminster Series.) Svo, *2 00 

Townsend, F. Alternating Current Engineering. .Svo, boards, *o 75 

Townsend, J. Ionization of Gases by Collision Svo, *i 25 

Transactions of the American Institute.of Chemical Engineers. 

Eight volumes now ready. Vols. I. to IX., 1908- 19 16, 

Svo, each, *6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 50 

mor., I 00 

Treiber, E. Foundry Machinery. Trans, by C. Salter. .i2mo, *i 50 

Trinks, W., and Housum, C. Shaft Governors. (Science 

Series No. 122.) i6mo, o 50 

Trowbridge, D. C. Handbook for Engineering Draughtsmen. 

(/« Press.) 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) 

i6mo, o 50 

Tucker, J. H. A Manual of Sugar Analysis Svo, 3 50 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. 

Pearse Svo text and folio atlas, 10 00 



44 D. VAN NOSTRAND COMPANY'S SHORT-TITLE CATALOG 

TurnbttU, Jr., J., and Robinson, S. W. A Treatise on the 

Compound Steam-engine. (Science Series No. 8.) 

i6mo, 
Turner, H. Worsted Spinners' Handbook i2mo, 

Tnrrill, S. M. Elementary Course in Perspective i2mo, 

Twjrford, H. B. Purchasing , 8vo, 

Tyrrell, H. 6. Design and Construction of Mill Buildings . 8vo, 

Concrete Bridges and Culverts i6mo, leather, 

Artistic Bridge Design 8vo, 

Underbill, C. R. Solenoids, Electromagnets and Electromag- 
netic Windings lamo. 

Underwood, N., and Sullivan, T. V. Chemistry and Tech- 
nology of Printing Inks 8vo, 

Urquhart, J. W. Electro-plating ^ i2mo, 

— Electrotyping i2mo, 

Usborne, P. 0. G. Design of Simple Steel Bridges 8vo, 

Vacher, F. Food Inspector's Handbook i2mo. 

Van Nostrand's Chemical Annual. Third issue 1913. Leather, 

i2mo, 

i2mo, 

Year Book of Mechanical Engineering Data (In Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, 

Vega, Baron, Von. Logarithmic Tables 8vo, cloth 

half mor., 

Vincent, C. Ammonia and its Compounds . Trans, by M. J. 

Salter 8vo, 

Volk, C. Haulage and Winding Appliances 8vo, 

Von Georgievics, G. Chemical Technology of Textile Fibres. 

Trans, by C. Salter 8vo, 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, 

Vose, 6. L. Graphic Method for Solving Certain Questions in 

Arithmetic and Algebra. (Science Series No. 16.) 

i6mOy o 50 

Vosmaer, A. Ozone 8vo, *2 50 

Wabner, R. Ventilation in Mines. Trans . by C. Salter. .8vo, *4 50 
Wade, E. J. Secondary Batteries 8vo, *4 00 
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Wadmore, J. M. Elementary Chemical Theory lamo, *i 50 

Wadsworth, C. Primary Battery Ignition lamo, *o 50 

Wagner, E. Preserving Fruits, Vegetables,^nd Meat. ..i2mo, *2 50 

Wagner, J. B. A Treatise on the Natural and Artificial 

Processes of Wood Seasoning 8vo, (/n Press.) 

Waldram, P. J. Principles of Structural Mechanics. ..i2mo, *3 00 

Walker, F. Aerial Navigation 8vo, 2 00 

Dynamo Building. (Science Series No. 98.) i6mo, o 50 

Walker, J. Organic Chenristry for Students of Medicine . 8vo, *2 50 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 00 

—^Refrigeration, Heating and Ventilation on Shipboard, 

i2mo, *2, 00 
Electricity in Mining ^ 8vo, *$ 50 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *i 50 

Aerial or Wire Ropeways 8vo, *3 00 

Sugar Machinery i2mo, *2 00 

Walsh, J. J. Chemistry and Physics of Mining and Mine 

Ventilation i2mo, *2 00 

Wanklyn, J. A. Water Analysis i2mo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus, 

i2mo, *i 50 
Slide Valves i2mo, *2 00 

Waring, Jr., 6. E. Sanitary Conditions. (Science Series 

No. 31.) i6mo, o 50 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal i2mo, 2 00 

How to Drain a House i2mo, i 25 

Wames, A. R. Coal Tar Distillation 8vo, *3 00 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography. (Westminster Series.) 8vo, *2 00 

Watson, E. P. Small Engines and Boilers i2mo, i 25 

Watt, A. Electro -plating and Electro-refining of Metals. 8vo, *4 50 

Electro-metallurgy i2me, i 00 

The Art of Soap-making 8vo, 3 00 

Leather Manufacture 8vo, *4 00 

Paper Making 8vo, 3 00 

Webb, H. L. Guide to the Testing of Insulated Wires and 

Cables i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) . . .8vo, ^2 00 
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Weisbach, J. A Manual of Theoretical Mechanics Svo, *6 oo 

sheep, *7 50 

and Herrmann, G. Mechanics of Air Machinery 8vo, *3 75 

Wells, M. B. Steel Bridge Designing 8vo, *2 50 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes, 

i2mo, *i 50 

Wheatley, 0. Ornamental Cement Work 8vo, *2 00 

Whipple, S. An Elementary and Practical Treatise on Bridge 

Building Svo, 3 00 

White, C. H. Methods in Metallurgical Analysis. (Van 

Nostrand's Textbooks.) lamo, 2 50 

White, G. F. Qualitative Chemical Analysis i2mo, *i 25 

White, G. T. T^oothed Gearing i2mo, *i 25 

Widmer, E. J. Observation Balloons i2mo, (In Press.) 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) 

i6mo, o 50 

Wilda, H. Steam Turbines. Trans, by C. Salter i2mo, *i 50 

Cranes and Hoists. Trans, by Chas. Salter i2mo, 

Wilkinson, H. D. Submarine Cable Laying and Repairing. Svo, *6 00 

Williamson, J. Surveying Svo, 

Williamson, R. S. On the Use of the Barometer 4to, 

Practical Tables in Meteorology and Hypsometry. .4to, 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Cal- 
culations i2mo, 

Wilson, J. F. Essentials of Electrical Engineering Svo, 

Wimperis, H. E. Internal Combustion Engine Svo, 

Application of Power to Road Transport i2mo, 

Primer of Internal Combustion Engine i2mo, 

Winchell, N. H., and A. N. Elements of Optical Mineralogy .Svo, 
Winslow, A. Stadia Surveying. (Science Series No. 77.) . i6mo, 
Wissef, Lieut. J. P. Explosive Materials. (Science Series No. 

70.) i6mo, o 50 

Wisser, Lieut. J. P. Modern Gun Cotton. (Science Series No. 

89.) i6mo, o 50 

Wolff, C. E. Modern Locomotive Practice Svo, *4 ao 
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Wood, De V. Luminiferous Aether. (Science Series No. 85.) 

i6mo, o 50 
Wood, J. K, Chemistry of Dyeing. (Chemical Monographs 

No. 2.) i2mo, *o 75 

Worden, E. C. The Nitrocellulose Industry. Two vols..8vo, *io 00 

Technology of Cellulose Esters. In 10 vols Svo. 

Vol. VIII. Cellulose Acetate *5 00 

Wren, H. Organometallic Compounds of Zinc and Magnesium. 

(Chemical Monographs No. i.) lamo, *o 75 

Wright, A. C. Analysis of Oils and Allied Substances Svo, *3 50 

Simple Method for Testing Painter's Materials Svo, *2 50 

Wright, F.W. Design of a Condensing Plant i2mo, *i 50 

Wright, H. E. Handy Book for Brewers Svo, *s 00 

Wright, J. Testing, Fault Finding, etc. for Wiremen (Installa- 
tion Manuals Series) i6mo, *o 50 

Wright, T, W. Elements of Mechanics Svo, *2 50 

and Hayf ord, J. F. Adjustment of Observations Svo, *3 00 

Wynne, W. E., and Spraragen, W. Handbook of Engineering 

Mathematics i2mo, leather, *2 00 

Yoder, J. H. and Wharen, G. B. Locomotive Valves and 

Valve Gears Svo, 3 00 

Young, J. E. Electrical Testing for Telegraph Engineers. . .Svo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) 

i6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. 

Klein. Two Volumes Svo, *3 00 

Zimmer, G. F. Mechanical Handling and Storing of Materials, 

4to, *i2 50 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Proc- 
esses. Trans, by J. A. Davenport , Svo, *2 00 
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